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OCHOCO PROJECT AND OlOOKED RIVER INVES- 
TIGATIONS. 



SYNOPSIS. 



This report deals with the irrigation and water-power possibilities 
of Crooked River basin and its relation to lower "Deschutes River power 
development. 

Its principal feature is the Ochoco project for the irrigation of 
12,000 to 18,000 acres of land in the vicinity of Prineville. 

The work has been carried on by officers of the United States 
Reclamation Service and the State ei^ineer, under an agreement 
published in full in the Deschutes project report, which should be read 
in connection with this report. The Deschutes report was the first of 
a series of cooperative reports to be issued. 

The features to which this report has especial reference are: 

(a) The Ochoco project, which will provide irrigation for 15,500 
acres in the vicinity of Prineville, by storage of 40,000 acre-feet in a 
proposed reservoir on Ochoco Creek, 6 miles above Prineville, the 
spillway for which will be 113 feet above low water. The estimated 
cost of this project is $51.30 per acre. 

(&) The irrigation of part of the North unit lands of the Deschutes 
project by storage on Crooked River at the Post Reservoir site. 
Several alternative plans are considered, comprising a low -line 
development to irrigate 46,000 acres near Haystack Butte, and 9,000 
acres near Prineville, with 50 miles of main canal, and water by 
storage through the construction of a 131-foot dam above Post at a 
cost of $78 per acre; a high-hne development for Haystack Butte 
lands, and all of Ochoco project lands at a cost of $83 per acre. 

(c) A study of the availability of Crooked River storage for increas- 
ing the minimum flow of lower Deschutes River for various hydro- 
electric power developments proposed in United States Geological 
Survey Water-Supply Paper 344. A fall of 200 to 300 feet in lower 
Deschutes River must be developed before Crooked River storage at 
its estimated cost becomes feasible for this purpose. 

The purpose of this cooperative work is "to provide for detail 
surveys and investigations of the water resources of the State of 
Oregon,'' with particular reference to irrigation and power possibilities. 

Funds for conducting the work are provided in an appropriation of 
$50,000 by the State of Oregon, and allotment of an equal amount by 
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8 OCHOCO PBOJEOT. 

the Secretary of the Interior from the Reclamation f imd. All avail- 
able data heretofore obtained by the Reclamation Service for projects 
in Oregon other than those imder construction are also made avail- 
able by special agreement. The estimated present value of such 
additional data is S25;000. 

The irrigable land in the vicinity of Prineville available for irriga- 
tion from Ochoco Creek consists of approximately 12,000 acres of 
bench land and upwards of 5,000 acres of bottom lands. 

A duty for water of 1.85 acre-feet per acre of irrigable land is con- 
sidered reasonable for the Ochoco project on the assumption that at 
least one-third of the project will be in grains. 

The records of discharge for Ochoco Creek furnish fairly complete 
data for four years. From these data and a comparison with other 
streams of Central Oregon, for which long records are available, it is 
estimated that the mean run-off from Ochoco Creek is about 48,000 
acre-feet, with an estreme maximum and minimum of approximately 
84,000 and 22,000 acre-feet during the past 12 years. This minimum 
is for the present year, which in all probabihty will be the lowest for 
25 years or more. 

All the available run-off from Ochoco Creek during the irrigation 
season, in ordinary years, is now appropriated-. A reservoir on 
Ochoco Creek with a dam about 6 miles above Prineville is proposed, 
to provide about 40,000 acre-feet storage. This is about the mean 
unappropriated run-off of Ochoco Creek. Carry-over storage from 
high to low years is not provided, owing to the relatively high cost of 
storage for this project. 

The distributary canal system is exceptionally compact, the storage 
dam serving also for diversion, and the irrigable lands begin imme- 
diately below. The larger part of the main canal is designed to be 
concrete lined and all structures are planned to be of concrete. 

Soil and agricultural surveys of irrigable lands show the soils to be 
from 2 to 4 feet or more in depth, with the physical character for 
irrigation and cultivation good. The plant food content of the bench 
lands is fair and for the bottom lands excellent. 

Little or no drainage will be required for the bench lands. AlkaU 
and ground water conditions indicate that probably half the bottom 
lands require drainage at the present time. The cost of drainage 
will be relatively low because the distance is very short from the 
hmit of the bottom lands at aU points to either Ochoco Creek or 
Crooked River channels. 

No estimates have been included in this report for drainage. 

The estimated cost of Ochoco storage, including reservoir lands is 
$564,400, the estimated cost of the distributary canal systems is 
$231,200, a total of $795,600. Most of the bottom lands and certain 
of the bench lands have partial or incomplete water rights from 
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OCHOOO PROJECT. 9 

Ochoco and McKay Creeks. Of a total of 17,700 acres of irrigable 
area, it is estimated that there will be the equivalent of 15,500 acres 
of land requiring a full water right. The total estimated cost of the 
storage and distributary system is therefore $51.30 per acre. 

Owing to the compactness of the project, it is beheved the annual 
operation and maintenance charges will be comparatively low and 
should not exceed 75 cents pef acre. 

Surveys and diamond drill borings show an excellent reservoir site 
on Crooked River about 10 miles above Bost. This is the only feasible 
storage site on Crooked River. 

Records are available of the discharge of Crooked River at Post 
for three years and at or in the vicinity of PrineviUe for six years. 
From these records and information as to other streams in central 
Oregon, it is estimated that during the period 1907 to 1915, inclu- 
sive, the mean annual run-oflf of Crooked River at Post was approxi- 
mately 216,000 acre-feet, with a maximum of nearly 350,000 acre-feet 
and a minimimi of 125,000 acre-feet. 

The cost of storage at Post reservoir site per acre foot of capacity 
is relatively low, being cheapest for a storage capacity of about 
270,000 acre-feet, with an estimated mean run-oflf of approximately 
215,000 acre-feet available. A reservoir capacity of 260,000 acre-feet 
has been taken as the basis of mvestigations for this river, thus pro- 
viding a carry-over storage capacity of approximately 45,000 acre- 
feet in excess of the mean run-oflf. 

Storage for a capacity of 260,000 acre-feet will require the water 
to be raised 131 feet. The estimated cost of a dam to raise the water 
to this height is $732,000. The estimated cost of lands in the reser- 
voir site is $145,000, a total of $877,000, or a httle less than $3.40 per 
acre-foot of capacity. 

By a long canal, diverting about 12 miles above PrineviUe and 
extending through the irrigable lands of the Ochoco project to the 
irrigable lands of the north unit of Deschutes project (see Deschutes 
project report), a distance of approximately 50 mUes, it wiU be pos- 
sible to serve about 46,000 acres of the 100,000 acres in the north 
unit of the Deschutes project and approximately 9,000 acres of the 
Ochoco project lands. 

By diversion about 3 miles farther up Crooked River it would be 
possible to cover approximately the entire area of the Ochoco project 
lands, though at a considerably higher cost. 

These upper lands of the Ochoco project might also be served 
from the low-line diversion by electric power pumping. 

The estimated cost of serving the 46,000 acres of the north imit 
of Deschutes project, known as the JHaystack Butte country, and 
9,000 acres of the Ochoco project lands, a total of 55,000 acres, is a 
little less than $78 per acre. The estimated cost of water for these 
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10 OCHOCO PROJECT. 

lands from Deschutes River was a little less than $56 per acre. (See 
Deschutes project report, p. 137.) 

By the high-line diversion to cover all of the Ochoco .project lands 
the total estimated cost per acre is a little over 983. 

Consideration of plan to serve only lands of the Ochoco project 
from Crooked River storage, with high-diversion and gravity system, 
shows the cost per acre of land served to be approximately $69. 
With an alternative low diversion, electric power pumping of a 
maximum lift of 125 feet, the development of power at Dillon Falls, 
transmission line for pumping plant, and capitalization and mainte- 
nance costs the estimated cost per acre served is Uttle less than $90. 
It is evident, therefore, that the irrigable areas available for irrigation 
from Crooked River can be more economically served from other 
sources. 

A study of the value of Crooked River storage for regulation of 
discharge of lower Deschutes River for power development at the 
several power sites referred to in United States Geological Survey 
Water-Supply Paper 344 shows that until a total head of approxi- 
mately 200 feet is developed on the lower river Crooked River storage 
will not be economical. This is on the assumption of a developable 
modified flow of approximately 4,000 second-feet minimum below the 
mouth of White River. 

In a similar manner it is shown that a head of not less than 200 
feet must be developed before Crooked River storage, at its estimated 
cost, wiU be of economic value for sites above the mouths of Warm- 
spring and Metolius Rivers. 

There being no feasible power sites on Crooked River itself of 
sufficient magnitude to justtfy storage, it may therefore be said that 
Crooked River offers no attractions as a power stream either by 
itself or in connection with Deschutes River. 

INTRODUCTION. 
AUTHORrrY. 

Authority for Oregon cooperative work and this report is foimd in 
the act of Congress of Jime 17, 1902 (32 Stat., 388), commonly known 
as the reclamation act, and subsequent, supplementary, and amenda- 
tory acts, on the part of the United States, and an act of the legisla- 
ture, chapter 87, General Laws of Oregon, for 1913, on the part of the 
State of Oregon. 

The reclamation act and its amendments by Congress are generally 
well known and are therefore not repeated here. Copies of the 
original act and amendments may be had on apphcation to the 
United States Reclamation Service, Washington, D. C. 

The State law authorizing this work was quoted in the Deschutes 
project report and need not be repeated. 
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AGBEEMENTS. 

AGREEMENT MAY 5, 1913. 

Under authority of these acts of Congress and the State Legislature, 
an agreement was entered into between the United States and the 
State of Oregon, under date of May 5, 1913, which provides for the 
manner of carrying on the investigations. 

This agreement was given in full in the Deschutes project report 
and wiU not be repeated here. In general it provides: 

1. That surveys and investigations for irrigation projects, with 
incidental power possibihties, be made in central Oregon. 

2. That from time to time, as appears necessary, withdrawals of 
public lands and waters be made by the Secretary of the Interior and 
the State engineer. 

3. That all investigations be made under a plan agreed upon by the 
Kedamation Service and the State engineer. 

4. That field notes and original data acquired or prepared be filed 
wit>h the Eeclamation Service, accessible at all times to the State 
engineer or his representative. 

5. That on completion of the investigations, a report be pubhshed 
with conclusions and recommendations. 

6. That the expense of the work be borne, one-half each by the 
United States and the Stat^ of Oregon. 

7. That employees paid by the United States and the State shall 
be subject to rules and regulations estabUshed by each, respectively, 
and that in the selection of employees preference be given to residents 
of the State. 

SUPPLEMENTARY AGREEMENT. 

As contemplated under agreement of May 5, 1913, a plan of 
operations was jointly agreed upon by the Reclamation Service and 
the State engineer, under date of July 8, 1913, as to Deschutes River 
and Crooked River investigations and for preliminary examinations 
of certain other projects. 

FEDERAL AND STATE COOPERATION. 

During the past nine years the State of Oregon, through the State 
engineer's office, has cooperated with the United States Geological 
Survey in making topographic surveys, conducting hydrographic 
work, and quite recently in making river surveys to determine water 
power possibilities of some of the most important streams of the 
State. During the past two years the State bureau of mines has 
conducted geologic investigations in conjunction with the United 
States Geological Survey. 

The State, through its Agricultural College, has cooperated with 
the United States Department of Agriculture in conducting farm 
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experiments and in measuring the volume of water used in irri 
systems. At the present time work is being carried on by 
Department, in conjunction with the State of Oregon and 
of Portland, to improve the navigability of Willamette and Col 
Rivers. 

A water power survey of Deschutes River by the United j^ 
Geological Survey, Water Supply Paper 344, in cooperation wip^V) 
State of Oregon in 1912, doubtless influenced the State legi 
and the Federal authorities to initiate the present cooperative J 
since this survey disclosed reservoir capacity sufficient to stoi 
entire excess run-off of Deschutes River at Benham Falls, ov^ 
above that available and now largely appropriated for use 
the irrigating season. 

Investigations 6i the possibilities of power development] 
Columbia River at Celilo Rapids were made during the past y^ 

ORGANIZATION FOR TiSBSE INVESTIGATIONS. 

Field surveys and office studies, on which this report 
have been made by State and Federal engineers under the 
of John T. Whistler, engineer. United States Reclamation & 
and conforming to the general plan specified in the supplenai 
agreement between the Reclamation Service and the State 
Hopson, supervising engineer, United States Reclamation 
and John H. Lewis, State engineer. The report has been pr( 
by or imder the direction of John T. Whistler in conferenci 
John H. Lewis, and is subscribed to by them on behalf of the 
erating Federal and State authorities. Attention is, ho 
directed to the fact that the subscription to this report by offi( 
the Reclamation Service and the State does not comtmit other o: 
of the Government or of the State to the conclusions reached h 

Field work, except the survey of Post reservoir site, was don< 
C. M. Whelan, who has also assisted in the computations and 
preparation of the Ochoco part of the report. Post reservoir 
survey was made by W. R. Parkhill. 

The studies and computations for the Crooked River investigati 
part of the report have been made by C. E. A. Bennett, who has 
assisted in the preparation of that part of the report. 

James Dopson was drill foreman in charge of party which put doY. " 
the test drill holes at Ochoco and Post reservoir dam sites. 

Use has been made of preliminary investigations of Crooked Riv^ 
and Ochoco projects by Joseph Jacobs for the Reclamation Servi« 
in 1908. ' ^ 

The soil survey was made by W. L. Powers, assistant professor <^ 
irrigation and drainage, Oregon Agricultural College. ^ 



Digitized by 



Googk 



^G 



f 



G WEST FROM BARNES BUTTE. 



Digitized by 



Googk 



Digitized by 



Googk 



OCHOCO PKOJECT. 13 

CROOKED RIVER BASIN. 

General description. — ^The Crooked River drainage basin and its 
relation to Deschutes River, into which the Crooked River discharges, 
is shown on Plate No. 34. 

Crooked River proper rises in T. 21 S., R. 22 E., and flows north to 
a few miles west of Paulina, where it is joined by Beaver Creek from 
the east, one of its most important tributaries. From the mouth of 
Beaver Creek, it flows in a westerly direction to about 15 miles above 
Prineville, from which point it has a generally northwesterly direction 
to its junction with Deschutes River a few miles west of the town of 
Metolius. Throughout most of its course the river is in a canyon 
which widens here and there for short distances of a half mile or 
more, and at these points productive stock ranches are found, many 
of which have ditches to irrigate their lower lands. 

At Prineville the canyon widens out into a basin of some 20,000 
acres through which flows Ochoco Creek. 

At the jimction of the main river with the North Fork there is a 
sinailar basin which, in conjunction with the very narrow canyon 
immediately below the mouth of North Fork, affords an excellent 
reservoir site. This reservoir site has been discussed for many years 
and was the subject of a prelimiaary investigation by the Reclama- 
tion Service in 1908. 

The drainage basin of Crooked River on the south extends into 
the Great Basin coimtry and its limits are very indefinite. The best 
information obtainable, however, indicates that the drainage basin, 
in years of extreme precipitation, would extend well toward Wagon- 
tire Mountain and take the run-off from Hampton and Cougar Buttes. 

On Plate No. 34 there is shown what is locally referred to ad Dry 
River Bed, or Old River Bed. In years of high run-off this river bed 
contains running water over parts of its course. This is without 
doubt the chaimel of a stream which at one time must have carried 
a very considerable amount of water. 

Russell, in United States Geological Survey Bulletin No. 252, 
describes it as "the bed of an ancient stream known as Dry River 
which at one time drained the great sandy desert." 

The course of this old river chaimel is as well marked as that of 
Crooked River itself for probably 40 miles above its junction with 
Crooked River, a few miles above Smiths Rock. 

The upper part of its course is not so clearly defined except in 
places, but is beheved to be approxioaately as shown on Plate No. 34, 

The drainage basin on the south side of Crooked River is a r^on 
of comparatively low reKef and is often referred to as the "Deseit." 
This desert drainage is broken by Bear Creek Buttes west of Bear 
Creek, and some low-lying hills east of that stream. 
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On the north Oohoco Creek and North Fork drain a more or less 
heavily timbered area sometimes referred to as Ochoco Hills. The 
streams from the south are frequently, alkaline, as a residt of which 
the lands of many of the small ranches above North Fork are qtiite 
badly alkalied. 

Above Pauhna, on Beaver Creek, very extensive alkaU fields toe 
found. ^ 

With the exception of Ochoco Hills and some scattered regions on 
the south, the Crooked River basin is generally devoid of timber. 
The altitude of the drainage basin is roughly between 3,000 and 
5,000 feet above sea level. The run-off is irregular and varies greatly 
from year to -year and from one part of the year to another. ; In 
times of high discharge the river is very muddy and carries, con- 
siderable silt. 

Geology. — Practically the only official report of any kiad on the 
geology of this region is a prehminary report on the ''Geology and 
Water Resources of Central Oregon," by Israel C. Russell, United 
States Geological Survey, 1905, Bidletin No. 252, from a reconnais- 
sance made in thd summer of 1903. 

This report contains valuable ietnd interesting information, and, 
as it is not generally available, extracts relating to the territory 
under investigation are presented here. 

Some discussion of the geology of this region has also been made 
in the Deschutes project report, Oregon cooperative work. 

The following is from Russell's description of Crooked River: v 

This stream, of much importance to the country in which it is located, has ite 
source in a number of copious warm springs about 10 miles east of Hampton Butte, and 
flows north and west through steep-sided canyons all the way to its junction with the 
Deschutes, a distance of about 115 miles. In its upper portion, just after leaving the 
alkaline marsh in which it rises, it receives copious contributions from springs, and 
in its progress rapidly increases in volume, even in late summer, when there id'flo 
surface run-off. It is reported to receive contributions from other springs at various 
localities along its course until it nears Prineville. Below that town it diminishes 
in volume, and in late summer its bed near Forest, about 12 miles below Prineville, 
is frequently dry. Th'is marked decrease is now due largely to the use of the water 
of the stream for irrigation in the expanded portipn of its canyon below Prineville, 
but under strictly natural conditions it is known to have experienced conspicuous 
seasonal variations. When the volume of the stream diminishes below Prineville 
it exhibits the characteristics common to many streams that flow from the uplands 
of arid regions and suffer absorption and evaporation as they pass through the lower 
portion of their courses where springs are absent. Owing to the absence of saturation 
at any but great depths, percolation is away from instead of toward the stream channels, 
and such flow as persists becomes tepid, more or less alkaline, and unwholesome. 

Prineville Valley * * * although small, is of importance on account of the 
aridity of and general absence of irrigable land in the region in which it is located, 
and is an exceptional feature in the geography of Crooked River, which in ail other 
portions of its course flows through a succession of narrow canyons. 

East of Prineville Crooked River flows west through a rugged valley in which out- 
crops of soft material carrjdng fossils are reported to occur. About 6 miles before 
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reaching the town it traveiaes a nai^row canyon with vertical walls of basalt about 650 
feet high. The basalt is in well-defined layers, with scoriaceous surfaces, of which at 
least 7 are exposed. The stream has not as yet cut through the pile of basaltic sheets, 
although a few miles farther up its course the underlying rocks are exposed. This 
basalt, so far as can be judged from the facts in hand, is to be correlated with the older 
and more widely extended lava of the Deschutes plain, though present in several 
sheets instead of a single one. Only one of the sheets, near the top of the section, 
however, seems to extend west of Prineville. 

Less than a mile above Prineville the canyon of Crooked River becomes abruptly 
wider, and for 6 miles west of that town has a width of 4 or 5 miles, this abrupt in- 
crease being due to the presence of soft material beneath the basalt. The canyon is 
here bounded on the northeast by rocks (probably rhyolitic tuffs) which formed the 
border of the old Deschutes Valley. Crooked River flowed across the basalt, cutting 
a canyon near its margin, and on gaining the soft beds beneath the resistant surface 
layer widened its canyon, locally, into a vaJley. On the west and south side of the 
river where it turns from a northerly to a westerly course, near Prineville, the surface 
sheet of basalt is but 30 or 35 feet thick. The base of the sheet is scoriaceous, and em- 
bedded in it are fragments of the soft shaly beds on which it rests. The fine sedi- 
ments immediately beneath the basalt grade downward into soft, coarse sandstone 
20 to 30 feet thick, below which are coarse, well-worn gravels and other sedimentary 
beds reaching, in the face of the cliff, nearly to the river. The canyon wall with its 
rim rock of basalt is about 250 feet high by aneroid measure. 

An— 

Isolated table with a cap of columnar basalt, * * * stands on the north side of 
Crooked River about 6 miles west of Prineville, near where the valley changes to a 
canyon. This remnant, spared by erosion, is by aneroid measure about 250 feet high 
and is instructive not only on account of its striking topographic form, but because at 
the base of the basalt there is evidence that the lava of which it is composed while 
yet molten entered water or at least flowed over a wet surface. The base of the sheet 
for a thickness of from 3 to 7 feet is open textured, or "shredded" and rough, and has 
masses of the underlying shale involved in it for a distance of from a few inches to 
fully 3 feet above the general plane of contact. 

At this point — 

The valley excavated by Crooked River contracts in width and becomes a canyon, 
but for a distance of about 6 miles farther, to the vicinity of the former post office 
known as Forest, * * * there is alluvial land on the borders of the river. * * » 
The portion of the canyon above Forest is in reality a continuation of Prineville Val- 
ley. * * * Below Forest all the way to the Deschutes, a distance of over 30 miles. 
Crooked River flows through a narrow canyon with essentially and often actually 
vertical walls, and there is no alluvial land in its bottom. Throughout this portion of 
the river there is but one place where a team and wagon or even a pack train can be 
taken across it, namely, at Trail Crossing, about 18 miles below Prineville and 7 miles 
below Forest. 

From near Forest to Trail Crossing, Crooked River has excavated its canyon along 
tihe border of the vast lava fields extending from the brink of its left wall westward, 
and on the right has eroded the base of a rugged mountain composed of light-colored 
acid tuffs, cut by a great basic dike. The tuffs, under the destructive action of wind 
and rain, have been sculptured into many remarkable monumental forms. * * » 
On account of these unique monuments of atmospheric erosion the portion of the 
canyon to which they add picturesqueness may well be termed ^'Monument Canyon.*' 

The left, or southern wall of Monument Canyon, approximately 250 feet high, is 
surmounted by a rim rock of basalt about 40 feet thick, beneath which are sof t,^incon- 
Bolidated, stratified deposits, consisting mostly of tuff. 
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The north wall of Monument Canyon rises precipitously several hundred - 
higher than the nearly level-crested cliS bordering it on the south, and preai 
Btriking contrasts to it in nearly every feature. The mountainlike elevation on^ 
north is composed mainly of light-colored, mostly yellowish, tuffs in well-defi: 
beds, which in general dip northeast at angles of 40° to 50°. The beds are of uiie< 
hardness, some being resistant to the destructive action of wind and rain and staii< 
out beyond their neighbors as sharp serrated ridges, along which are numerous pinna 
and spines. Cutting the consolidated and steeply inclined tuff beds is an immi 
dike or dark basic rock, probably basalt, which has a width of about 1,000 feet i 
trends northeast and southwest. To the northeast the dike can be traced for a n 
or more, and in its present weathered condition forms rounded hills and domes, < 
epicuous on account of their rich brown colors. 

Climate. — In the Deschutes project report, pages 26 to 31 inclusr 
climatological data for the year 1913, together with means for peric 
of record, were given for the various localities in Upper Deschu 
and Crooked River basins from Agency Plains to Crescent, includj 
Prineville. These wiU not be repeated in this report but since it 
records for Prineville, 1913, were very incomplete, there will f 
given under ''Irrigating Season,'' Ochoco project, similar data fi 
Prineville for the year 1906, which appears to be an average year fl^-^ 
the period of 18 years of observation. 

Water resources. — ^The head waters of Crooked River are in 
Blue Mountains of eastern Oregon. The summer run-ofE is mo& 
from springs in the upper portions of the basin. The discharge 
Crooked River at Prineville varies from practically nothing in 
sununer to 5,000 second-feet or more duriog the spring floods. Th 
spring floods are very flashy in the entire Crooked River basin 
carry much sediment. 

The summer flow of both Crooked River and Ochoco Creek 
practically all appropriated for the irrigation of bottom lands in 
vicinity of Prineville, and between PrineviUe and the North Fork 
Crooked River. Detailed records of discharge for Ochoco Creek 
Crooked River are given under Ochoco project and Crooked Hi 
investigations. l^^, 

Van Winkle in his report on the ''Quality of Surface Waters of Or* i 
gon," United States Geological Survey, Water Supply Paper 36j n^ 
says that the waters of Crooked River are somewhat high in contea 
of dissolved matter. They are rather hard for boiler or laundry un^ ' j 
but well suited for irrigation and could be used indefinitely withoii ^ 
causing injurious accumulation of alkali from the dissolved matt^ 
in them. No tests of Ochoco Creek waters were made, but there k 
little doubt that the waters are of .a much better quality than Crooked 
River waters, since there are no surface evidences of alkaline soUs in 
the Ochoco Creek drainage basin. ^ 

Irrigable lands. — The body of land in Prineville Valley, comprising ^ 
approximately 20,000 acres, and a number of relatively small areas ~" 
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of bottom lands above Prineville are practically the only attractive 
irrigable areas in the entire Crooked River basin. These, together 
with the lands of the North unit of Deschutes project which it has 
been thought feasible to irrigate from Crooked River, are the irrigable 
areas which are considered in the Ochoco project and Crooked River 
investigations. 

Transportation and markets. — Until quite recently the entire 
Deschutes basin, including that of Crooked River, has been without 
rail or water transportation nearer than Shaniko, the terminus of the 
Shaniko branch of the Union Pacific system. 

There are now branches of both the Hill and Harriman systems 
extending up Deschutes River canyon or near it, as far south as Bend, 
the nearest points on which, to Prineville, the principal trading center 
of the Crooked River basin, are Redmond and Terrebonne, distant 
approximately 22 miles. A railroad has been proposed from Metolius 
to Prineville but no construction work has been done. 

The lumber, mining, and fishing interests of Oregon and Wash- 
ington, together with the Alaskan trade as aheady developed will, 
no doubt, continue to offer a market for aU the produce, other than 
grains, that can be grown in this region for a number of years. There 
seenis to be no doubt that the Panama Canal wiU materially extend 
this market not only by offering cheaper transportation to the east 
for produce grown, but as the lumber, mining, and fishing industries 
of the northwest are, through its influence, built up, the demand from 
these and dependent sources for farm produce will in turn increase. 

Irrigation projects constructed or proposed. — There are no single 
large irrigation projects either in operation or proposed. However, 
water rights more or less complete have been adjudicated for approxi- 
mately 16,000 acres of land in Crooked River basin above Prineville, 
and for some 4,000 acres below Prineville, including the people's ditch, 
diverting near Prineville and covering over 2,000 acres. 

A project from either Crooked River or Ochoco Creek, to cover the 
bench lands north and west of Prineville, approximately 15,000 acres, 
has been proposed for a good many years. 

Because of the difficulty of diverting and carrying water out of 
Crooked River canyon for this purpose and because of the apparently 
high cost of adequate storage on Ochoco Creek, plans for irrigating 
these lands were not seriously considered by anyone prior to 1908, 
when the preliminary examination already referred to was made by 
the Reclamation Service. 

Dams on lower Crooked River for diverting water are maintained at 
considerable expense, which, however, the fertihty of bottom lands 
appears to justify. 

Power possibilities. — Neither Crooked River itself nor any of its 
branches can be regarded in any sense as an attractive water-power 
8464—15 2 
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stream, principally because of the great variation in discharge during 
the year, but ako for the reason that the fall of the river above 
Prineville is very small. 

A few miles below Prineville the river enters a narrow canyon which 
has considerable fall. The slope in this canyon is approximately 
uniform to its mouth. . Except possibly for very small power projects 
to utilize the return seepage from irrigation on the upper tributaries, 
water-power development in this portion of the stream, either with 
or without the construction of an equaUzation reservoir, will be 
impracticable. 

The possibilities of Crooked River storage in connection w^ith 
stream regulation on lower Deschutes River are considered under 
Crooked River investigations. 

INVESTIGATIONS FOR TfflS REPORT. 

Extent of investigations. — Preliminary surveys in connection with 
the Crooked River and Ochoco investigations had been made by the 
Reclamation Service in 1908. 

The only purpose of these earlier surveys was to afford a general 
prospect of the extent of irrigation possibilities, and they were not 
in such detail as to permit of close estimates. 

The results of these earlier surveys, however, have been of mucli i 
value in outfining, in a preliminary way, the course and extent of the 
present investigations. 

In general, the only lands of any extent in Crooked River basin 
which it appears practicable to irrigate by any new diversion are the 
lands in the vicinity of Prineville, approximately 15,000 acres of 
bench lands and possibly 5,000 acres of bottom lands, the latter 
having more or less incomplete water rights. 

Consideration at various times in the past has also been given to 
the possibility of irrigating lands in what is sometimes referred to as 
the Haystack Butte country, between Crooked River and Willow 
Creek, by diversion from Crooked River somewhere above Prineville. 
This is a part of the north unit of the Deschutes project and was 
referred to briefly in the Deschutes project report, page 43. 

There had also been proposed, as early as 1903, the storage of 
Ochoco Creek water by a dam about 6 miles above Prineville, and the 
irrigation of Prineville Valley lands already described. 

The extent of investigations for this report has been practically 
limited to these possibiUties. 

Projects developed. — The surveys for possible diversion from 
Crooked River, and canal to serve Haystack Butte lands, indicated 
quite early in the course of these investigations that such a scheme 
would prove at best very expensive and result in a high construction 
cost per acre of land served. 
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The topography of a reservoir site on Crooked River about 12 miles 
above Post, and diamond drill borings at the dam site, show the 
reservoir site itself to be so attractive that the application of storage 
at this site to power development on lower Deschutes River has been 
considered with regard to its future regulating value for periods of 
low discharge. 

Alternative plans for irrigation from Crooked River have been con- 
sidered, in some of which part, and in others all, of the PrineviUe 
Valley lands are included. 

Preliminary figures will be given for estimated costs of these various 
alternatives and the plans discussed, but in a general way it may be 
said that any of the irrigable lands considered by diversion from 
Crooked River can be more economically served from other sources. 
It thus appears that the best use to which the waters of Crooked 
River can be put will probably be in regulating the discharge of lower 
Deschutes River for power development whenever some or all of the 
power projects which have been proposed on lower Deschutes River 
have been constructed. It is probable that it will be many years 
before such power development on the lower Deschutes takes place. 

The proposal to store Ochoco Creek water to serve both bottom 
and bench lands of PrineviUe Valley has been quite clearly defined 
from the beginning of the investigations, and is largely a question of 
how much water is available and what the cost of construction wiU be. 

That portion of the report which follows will, therefore, be consid- 
ered as two separate features, namely, Ochoco project and Crooked 
River investigations. 

OCHOCO PROJECT. 

GENERAL DESCRIPTION OP PROJECT. 

The Ochoco project contemplates storage of Ochoco Creek water by 
a dam across Ochoco Creek about 6 miles above PrineviUe and the 
irrigation of approximately 17,700 acres of lands adjacent to Ochoco 
Creek and north and east of Crooked River. These lands extend 
from a short distance below the proposed dam to the west end of 
PrineviUe VaUey, from 6 to 8 rmles northwest of PrineviUe, and include 
some 5,400 acres of Ochoco Creek and Crooked River bottom lands 
which have a more or less insufl&cient water right. 

The dam site is near the west boimdary of Sec. 5, T. 15 S., R. 17 E. 
The dam wUl be an earth-fill structure with spillway crest 113 feet 
above present low-water level. Water will be diverted 33 feet above 
this low level, and between that elevation and the spillway crest the 
reservoir capacity available for the project is 40,000 acre-feet. The 
area covered by the reservoir wiU be approximately 1,000 acres. 

The fertility of the bottom lands has long been recognized. The 
bench lands, comprising most of the project though relatively un- 
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productive without water, are nevertheless apparently fertile^ and 
because of their close proximity to the reservoir their preparation for 
irrigation will cost much less than that of the average irrigation 
project. The lands are from 50 to 150 feet higher than Prineville 
The location and character of the lands is such as to indicate that 
fruit culture may prove profitable, but in the absence of actual frost 
and temperature records for these bench landg, and with the lack of 
transportation facilities, their value for this report will be based on 
the production of forage and grain crops to supplement the surround- 
ing stock range. See plate No. 34 for location of project. 

FIELD WORK. 

TOPOGRAPHIC SURVEYS. 

The surveys for this project were made during the months of 
September and October, 1914, and include topography of irrigable 
lands in Prineville Valley, topography of Ochoco reservoir and dam 
site, and test borings at the dam site. 

The irrigable land topography was developed on a scale of one-half 
mile to the inch. The method used was to run out a canal line at 
the highest practicable elevation and fill in the topography below as 
cheaply as possible in order to determine approximately the irrigable 
area which the canal could be made to serve and the necessary types 
and costs of the distributaries. 

Canal-line topography was developed by plane-table traverse line, 
tying in with section corners for horizontal control and running from 
known elevation to known elevation in order to. check the elevations 
of intervening points. 

A rough classification of aU the lands under consideration v^as 
made by cruising along each section line and to or through the center 
of each section, noting the character of each 40-acre tract in specially 
prepared land classification books; at the same time a rough topo- 
graphy of the area was sketched with the aid of a hand level, using 
contour intervals of 10 feet. It is believed that the results obtained 
are sufficiently accurate for the purposes of this investigation. 

Cruised topography, thus based on hand-level work, is shown on 
maps in broken Unes, while plane-table topography along canal 
location is shown in soKd lines. See Plate No. 27. 

Topography of Ochoco Reservoir site was developed by plane-table 
survey on a scale of 1,000 feet to 1 inch, with horizontal control 
based on plane-table triangulation, and vertical control carried up 
from the U. S. Geological Survey bench mark at Prineville. Dam- 
site topography was developed on a scale of 100 feet to 1 inch. 

Reservoir topography is shown on Plate No. 30 and dam-site 
topography, including the location of test borings, is shown on Plate 
No. 32. 
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TEST BORINQS, OCHOCO DAM SITE. 

Diamond drill equipment was on hand, but as no rock was encoun- 
tered no diamond bits were used. The equipment was used on some 
of tlie holes to obtain dry samples of a very tough clay. 

The holes were put down for the greater part by wash boring. 
The process used is about as follows: 

A short length of 3-inch steel flush-joint casing is set a few inches 
in the ground and into this there is inserted a length of rod with a 
chopping bit on the lower end, which is connected to the derrick 
rope and by hose to the force pump. Large pipe tongs are then 
clamped to both the casing and the rod. Water is forced through 
the rod and as the material is washed out of the casing, the latter is 
turned by the pipe tongs and gradually settles into the ground. 

When a hard stratum is reached a small charge of dynamite is 
usually lowered to the bottom of the hole and fired after the casing 
has been raised a few feet. This breaks up the material so that it 
can be pulverized and washed out. 

Careful measurements are kept so that the relative position of the 
bottom of the casing and drill rods is always known. Dry samples 
are taken with a sample bit every few feet in depth and particular 
attention is paid to water losses in the holes. 

Detailed topography of the dam site taken after drilling work 
was done indicates that a dam site somewhat better than the one 
on which the borings were made is located about 400 feet below. 
The latter site was adopted for the present plans. 
Following are records of test borings made: 

Hole No. 1. Surface elevation, 3,015.6 feet. 
Depth in feet. 

-10. Large cobblestones, gravel, and some sand. 

Water lost above 10. 
10 -47. Rusty colored clay. 

All water returned. 
47 -49. Sand. 

49 -53. Sand and a few small pebbles. 

53 -68. Sand, a few small pebbles, and some clay. 

Water lost slowly from 47 to 68. 
Time, October 6 to 8. 

Hole No. 2. Surface elevation, 3,018.2. 

-12}. Sand and gravel, with some cobblestones 3} to 9 inches diameter. 

Water lost slowly to 12}. 
12J-46}. Rusty-colored clay. 

Water returned 12i-46}. 
46J-50. Fine sand, with small pebbles. 

50 -54. Induiated sand or soft sandstone. 

Water only partly returned 46i-54. 

54 -60}. Clay with sand and pebbles. 

Water retiurns, 54 to 60}. 
Time, October 6 to 9. 
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Depth In feet. Hole No. 3. Surface elevation. 3,020.2 feet. 

0- 6. SoU. 

5-18. Gravel, sand, and broken rock. 
18-21. day, sand, and pebbles. 

21-23. Coarse sand, hard packed. This sand is water-tight. 
23-^. Clay and grit. 
60-61. Blue clay. 
61-68. Clay and grit. 

Water returns 18 to 68. 
Time, October 8 to 14. 

Hole No. 4. Surface elevation, 3,020.4 feet. I 

-11. Sand and pebbles. 

Water lost to 11. 
U -25J. Clay and grit. 
25i-27. Fine to coarse sand. 

Water returns in this sand. 
27 -45). Clay and grit. 
45H6)* Blue clay. 
46J-49J. Brown clay and grit. 
49)^2}. Blue and brown clays. 
52^8^. Brown and blue clays with grit. 
58^-62). Brown clay and grit, with some pebbles. 
62f-70. Blue clay and grit. 

Water returns 11 to 70. 

Time, October 9 to 15. 

Hole No. 5. Surface elevation, 3,079.3 feet. 

0- 8. Bowlder, sand, and earth sHde. 
8-11. Fine, soft sand. 

11-33. Sand, with hard streaks at intervals. 
33-36. A few bowlders and earth or sand. 
36-38. Yellow clay, with a few pebbles. 
38-42. Yellow clay and pebbles. 
42-47. Basalt-rock ledge. 

From 0-42 water lost. ., \ 

From 42 to 47 estimated water-tight. 
Note. — ^At 47 a cavity or laige seam was struck, about 25 feet deep and extendiiig 
obliquely down from bottom of bore hole, indicating proximity to edge of a ledge. 

Hole No. 6. Surface elevation, 3,034.8 feet. 

0- 5. Top soil volcanic ash. Holds water. 

5-18. Sand from fine to coarse, with small cobbles. 

Some water losses. 
18-31. Coarse and fine sand, with some clay. 
Water returns. 
Time, October 15 to 19. 
Note. — ^This hole is on bank of river, a half mile upstream from dam line. 

SOILS AND AGRICULTURAL SURVEY. 

The following chapter has been prepared by W. L. Powers, assist- 
ant professor of irrigation and drainage, department of agronomy, 
Oregon Agricultural College, from a preliminary survey made by him 
in March, 1915: 
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Description of area. — The Ochoco project includes the valley land 
m the north side of the Crooked and Ochoco Rivers for a distance of 
several miles above and below Prineville, together with bench lands 
>n the north side of the valley known as "Poverty Flat" and the 
*Rye grass" country. About three-fourths of the project is bench 
Land and about one-fourth valley land. The valley land is almost 
entirely of alluvial character, with a slight amount of wind deposit 
m the surface soil. The bench land is also of sedimentary character 
underneath, wash gravel being encountered at a moderate depth over 
most of the area. The surface soil has been affected somewhat by 
wind action, and near the butte and foothills there is a small amoimt 
of colluvial material. The mean elevation of the valley land is about 
2,850 feet and that of the bench land about 2,925 feet above sea level. 
The valley land has a slope of from 10 to 20 feet to the mile and the 
bench land an average slope of perhaps 25 or 30 feet per mile. The 
bench land slopes to the southwest. The valley and bench lands are 
both surrounded by high hiDs. 

Climate. — Due to its elevation and the higher land surrounding, 
the area included in this project has a rather short growing season. 
In the valley lands the average growing season between killing frosts 
is from 10 weeks to 3 months, with light frosts liable to occur in 
any month. The bench lands have a little longer season, ranging 
from 10 weeks to 4 months, between severe frosts. Air drainage 
of the bench land is only fair and of the bottom land is rather poor^ 
A moderate amoimt of fodder com can be grown successfully in more 
favored portions of the bench land and potatoes can be grown on 
most of the bottom lands, though they are subject to some injury by 
frost. Rainfall over the area will average very nearly 10 inches per 
year. There is slightly less than 10 inches in the vicinity of Prine- 
ville. The annual rainfall increases slightly at higher elevations 
toward the hills. y 

AgricnlturaL conditions. — ^Much of the bottom land on the proposed 
Ochoco project was natural meadow when settlement of the land 
began. The grasses were used for pastiu'e or cut for winter feed by the 
early stockmen. The more readily irrigable valley land was taken 
up over 40 years ago and has been partly cultivated for nearly a 
generation. The mamu'e from feed lots has been largely wasted. It 
is used to some extent for irrigation dams and borders. Natiu-al 
meadows of blue joint, red top, salt grass, wire grass, and other 
grasses produce from 1 to 3 tons of hay, besides some pasture, and are 
valued about the same as the naturally drained bottom land with flood- 
water rights. There are some very old alfalfa meadows. This crop 
yields from 1 J to 4 tons per acre with the flood-water rights. Three tons 
woxdd be a good average yield. Grain yields well on the bottom 
lands; rye is used in the more frosty portions of the bottom for hay; 
oats and barley yield from 25 to 70 bushels per acre, and wheat and 
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rye from 15 to 40 bushels per acre; the yields of potatoes vary from 
75 to 200 bushels per acre. 

The principal source of profit in the past has been hay, sheep, and 
beef cattle. High prices for beef in 1911 and 1912 and the diminish- 
ing range has caused stockmen to give more attention to raising their 
feeders and ui several instances to turn their attention to dairying. 
There is still some imoccupied Willamette Valley and Cascade Moun- 
tain military road grant land ia the river bottom. 

From iaterviews with 10 farmers on the bottom land, it appears 
that the average holdings run about 400 acres per farm and about 
220 acres per farm are irrigated. The land with the flood-water 
right is held at from $60 to $125 per acre. Clearing consists of remov- 
ing large sage and willows and the average cost is about $5.50 per acre. 
The average capital invested per farm, as given in statements by the 
farmers, is $39,000 and the average net profit per farm represents 
slightly less than 4 per cent on this investment. It is believed that 
smaller acreages, more thoroughly utilized, would give a higher per 
cent of profit. 

The bench land, particularly west of McKay Creek, afforded some 
summer range for the early stockmen. The native vegetation was 
mainly bunch grass, rye grass, common sage, and a few scattering 
junipers. Cultivation of the bench lands began as much as 16 years 
ago, and most of the level lying portions of the bench have been under | 
cultivation from 7 to 10 years. About two-thirds of the bench land 
is in cultivation on the dry-farm plan, so that about half the culti- 
vated area produces a light crop each second year. A few hundred 
acres have been given an irrigation by flood water the last few seasons. 

The dry farms range from one-half to three-quarters of a section in 
area and summer fallowing is quite commonly practiced. Rye and 
wheat yield 1 ton of hay or about 15 bushels of graia per acre. The 
yield of oats and barley ranges from 20 to 25 bushels per acre and 
potatoes yield from 60 to 100 bushels per acre. Profits are small and 
uncertain on the main areas where the dry-farm plan is followed, and 
it is doubtful if the sandier portions can be profitably employed for 
dry farming. 

SOILS. 



J 



The soils of the Ochoco project fall naturally into two groups, 
namely, the valley soils and the upland soils. 

The valley soils are mainly alluvial deposits laid down by the 
streams and derived mainly from the weathering of basaltic rocks, 
which abound in the district and form the bulk of the underlying 
material. The valley soils have been more affected by water and 
are darker in color, contain a little more hiunus, and are generally of 
greater depth than the upland soils. 
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The upland soils are also partly formed by -water action. There 
e^v^idence of water activity in the substrata under most of the 
3iicli land, wash gravel being encoimtered at moderate depth. It 
spears that the water from the streams or enlargement of the 
i^reams covered a lai^e part of this bench land at some earher period., 
Ti^e surface of the material has been reworked by wind, and near 
James Butte some coUuvial material has contributed to the present 
oil. A layer of volcanic ash occurs in the subsurface above the 
vash gravel in places. 

The soils of the area as a whole are Ught and friable and fairly 
5asy to cultivate. Their adaptabiUty to irrigation depends largely 
ipon their depth, drainage, and topography. The following table 
jives the names and extent of each of the soil types found in the 
3choco project. 

AREA OF DIFFERENT SOILS. 
iTalley: Area, acres. Percent. 

Dark fine sandy loam 3,200 16.0 

Black silt loam 1,500 7.5 

Fine sand 700 3.5 

LTpland : 

Medium sandy loam 6, 060 30. 3 

Medium sandy loam, heavy phase 4, 740 23. 7 

Medium sandy loam, gravelly phase 2,500 12.5 

Medium to fine sand 1,000 5.0 

Fine sandy loam 300 1.5 

Total...: , 20,000 100.0 

Valley soils. — ^The soils of the valley floor are classified into three 
types, which collectively embrace about one-fourth of the area of the 
project. 

Dark jine sandy loam. — ^The prevaiUng type of soil on the bottom 
land is a dark, fine, sandy loam. It extends from near the rim rock 
or break to the steep bed of the river, and occupies an elevation of 
several feet above the water table. The type of soil varies in tex- 
ture from fine sand to silt loam and is generally dark brown in color. , 
The native vegetation of this soil type was large common sage and 
small amounts of various native grasses. Along the streams native 
willows were found. The soils generally have good depth, and over 
a large part of the area there is as much as 10 feet. In places the 
substratum is rather sandy or gravelly, and usually the color and 
texture of the surface soil is carried down to exceptionally good 
depth. The subsurface usually contains a layer of alkah or '^rainfall 
hardpan.'* The soil is fairly free working, with sUghtly heavy ten- 
dencies, and is rather imperfectly drained, so that it contains more 
or less alkaU. Irrigation has not been employed regularly or for 
periods of time sufficiently long to dissolve the rainfall hardpan or 
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alkali hardpan. In a good many places these thin layers in the 
subsoil interfere with drainage and help to cause water-logging and 
accumulation of soluble salts at the surface. In some places, where 
the land has been thoroughly and regularly irrigated, this hardpan 
has been dissolved. There are also rather sandy layers in the sub- 
soil that will permit successful underdrainage. Some of the lands 
that are rather alkaline in character have been improved by flush- 
ing off the salt with flood water in the early spring. As this land 
has come under irrigation, alfalfa has been introduced and is the 
principal irrigated crop on this soil type. It yields two good crops 
a year and a third crop can be obtained where there is sufficient| 
water supply. Afl kinds of smaU grain yield well on this type of 
soil. Potatoes and the hardy root crops and such hardy crops as 
kale or Dwarf Essex rape wiU do well on this type of soil, where 
there is air drainage and protection from heavy frosts. This type 
of soil appears to have a relatively large supply of plant food and is 
capable of rather intensive development. It can be readily drained 
where drainage is needed and is weU suited to irrigation purposes. 

The mechanical analyses of the chief soil types on this project 
were made by Prof. C. V. Ruzek, of the department of agronomy, 
Oregon Agricultural College. The analysis of a sample of fine sandy 
loam is given in the following table: 

Mechanical analysis of dark fine sandy ham, 
[Location: S. J, sec. 35, T. 14 S., R. 16 E.] 



No. 


De- 
scrip- 
tion: 


Coarse 
gravel. 


Fine 
gravel. 


Coarse 
sand. 


Me- 
dium 
sand. 


Fine 
sand. 


Very 
fine 
sand. 


Silt. 


Clay. 


Hmnus. 


2 


Surface 


P.ct. 
0.6 


P.ct. 
1.74 


P.ct. 
11.52 


P.ct. 
7.00 


P.ct. 
14.42 


P.ct. 
21.62 


P.ct. 
36.87 


P.ct. 
7.13 


r.ct. 

I 21 







Black silt loam. — ^About 1,500 acres of the lower portions of the 
river valley above and below Prineville have been naturally sub- 
' irrigated and so continually aflFected by water that they now contain 
a large amount of vegetable matter and appear almost black in color. 
The inorganic material contained in the soil has been deposited 
mainly in still water and is of a fine texture, so that the soil classifies 
as a '^silt loam." In places there is a clay loam layer in the subsoil. 
Just above Barnes Butte the valley is narrow and the floor of the 
valley is springy, so that the land there is continually wet. The 
presence of this water has been a further aid to complete decompo- 
sition of mineral material and the formation of a fine-textured soil. 
Nearly all of this type of soil is in natural meadow grasses, such as 
salt grass, red top, blue joint, and wire grass. The soil is of good 
depth, although in places there are hard layers in the subsoil which 
seem to aid in maintaining the wet condition. These meadows are 
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BneraJly alkaline in their reaction and poorly drained. In their 
r^eut condition they are weU adapted to grasses, but little effort 
Las be^i made to drain them. They produce good yields of hay and 
lave a high carrying capacity when used for pasture land. They 
tre valued about the same as the surrounding weU-drained land or the 
ine sandy loam. If well drained and irrigation water were controlled, 
bliey would be well adapted to root crops and grain crops in addition 
bo grasses. The lighter portions of this soil type might also be 
atilized for alfalfa. The texture is heavier than the ideal for irrigation 
pxirposes. This land needs drainage more than it needs further irri- 
gation. It is apparently well supplied with plant food. 

Fine sand. — Small areas of fine sand occur in the slope near rim 
rock at the edges of the valley. The largest area of fine sand is found 
south and east of the fair groimds near Prineville. There are many 
small spots which are sandy, several of them too small to map. The 
sandy spots in the valley floor are usually the higher spots. The 
subsoil to this type usually is of somewhat heavier texture, so that 
the amount of irrigation water required is not excessive. The surface 
soil, especially until it has been under irrigation for a few years, is 
subject to wind erosion and requires rather careful handling. Use of 
a light nurse crop in seeding and the disking in of a light dressing of 
manure help to control the blowing. This soil appears to be moder- 
ately fertile, is of a rather brown color, and well adapted to irrigation. 
Irrigation is necessary for the proper utiUzation of this type of land. 
Care will be necessary to control erosion by wind and irrigation 
water, and a short rotation should be practiced. There is more 
pumiceous sand in the soil, especially close to the buttes, and the 
fertility is probably not above average. 

Fine sandy ham. — ^This occurs in limited quantity near the foot- 
hills at the northwest edge of the project. The sagebrush is large on 
this area, the texture is almost ideal for irrigation farming at this alti- 
tude, and there is apparently a good supply of plant food. The soil 
lies well and is 3 feet or over in depth. It is regarded as very good soil 
for irrigation piu-poses. 

Upland soils. — ^The upland soils of this project are comparatively 
uniform and but three types were recognized. 

Medium sandy loam. — ^The most extensive type of soil on the proj- 
ect and the prevailing type of soil on the upland is medium sandy 
loam. This class is typically developed in the rye grass district, which 
embraces the west portion of the bench land. The soil is of a Mght 
brown to gray color and is free-working, with a sHghtly heavier tex- 
ture in the subsoil. The native vegetation was common sage, with a 
small amount of yellow sage in the shallower places on the breaks 
and flats. There is a small amount of scattering juniper on land 
that is still in the native state. This soil is fairly free-working and 
of almost ideal texture for irrigation purposes. It has a compara- 
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tively good depth, ranging from 1^ to 3^ feet or more, and has 
oomparatively good capacity for usable soil moisture. Most of tli 
area of this type lies favorably for the distribution of irrigatifl 
water. 

Drainage is generally good, and the land is apparently fairly free c 
alkali. Small alkali spots appear in well-defined draws, but it 
believed that these can be readily controlled. The soil has beei 
proven well adapted to all kinds of small grains,, and, with irrigatioii 
the main portion of it will be suitable for alfalfa and the hardy roa 
crops and potatoes and field peas. The shallow parts of the lan( 
are more suitable for clover and timothy in rotation with grain an( 
cultivated crops. The mechanical analysis of this type of soil is ai 
follows: 

Mechanical analysis of medium sandy ham. 
[Location: S. J Se3. 9, T. 14 S., R. 15 E.] 



No. 


Descrip- 
tion. 


Coarse 
gravel. 


Fine 
gravel. 


Coarse 
sand. 


Me- 
dium 
sand. 


Fine 
sand. 


Very 
fine 
sand. 


SUt. 


Clay. ^°- 

1 


6 


Surface 


P.et. 

8.8 


P.et. 
3.41 


P.et. 
13.03 


P.et. 
9.77 


P.et. 
21.81 


P.et. 
29.51 


P.et. 
17.59 


i 
P. ct. P. a. 

5.84 a 57 







Heavy medium sandy loam, — The bench land east of McKay Creek 
and especially east of Barnes Butte is rather sandy on the surface 
and contains sand clay in the subsoil. This subsoil stratum is rather 
hard in the virgin state and there has not been enough rainfall to 
soften it. Irrigation will tend to soften the subsoil and to deepen 
this soil. As the texture is such as to be naturally mulched on the 
surface and stiU retain moistiu'e well in the subsoil, this heavy phase 
of the bench land will require but moderate amounts of irrigation 
water. The soil is very similar to the medium sandy loam already 
described except for this heavier subsoil. The topography is prob- 
ably a httle more broken. There is perhaps a shghtly larger amount 
of jimiper where the land is in a virgin state. Mechanical analyses 
of the surface and subsoil are given in the following table: 

Mechanical analyses of heavy medium sandy ham and sandy clay ham. 

[Location: N. J Sec. 35, T. 14 S., R. 16 E.] 

MEDIUM SANDY LOAM. 



No. 


Descrip- 
tion. 


Coarse 
gravel. 


Fine Coarse 
gravel, sand. 


Me- 
dium 
sand. 


Fine 
sand. 


Very 
fine 
sand. 


Silt. 


Clay. 


Hu- 
mus. 


1-ft 


Surface 


P.et, 
0.00 


P.et. 1 P.et. 
L94 1 13.14 


P.et. 
15.58 


P.et. 
3a 36 


P.et. 
18.18 


P.et. 
16.16 


P.et. 
6.57 


P.eL 

0.64 






SANDY CLAY LOAM. 


1-b 


Subson.... 


LOO 


3.02 


10.90 


n.58 


20.56 


13.88 


14.94 


24.26 
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Ghnw^y phase, — ^There are about 2^500 acres of land along the 
•reaks and gulches that is rather rough, steep, and shallow. It 
ontains more gravel and in places more clay, the top soil being partly 
»roded. No attempt was made to map these areas which are only 
> or 8 rods wide along some of the chief benches. They are shown by 
i^Iie contour map and include most of the land with a slope of more 
bliaii 10 feet per 100. Most of this area can well be excluded from 
tlie present project. 

Medium to fine sand. — This occurs around Barnes Butte and near 
rim rock at the west end of the bench land. The surface soil is rather 
undulating, with some rather steep slopes. It is believed that irri- 
gation will be necessary to the profitable utilization of this soil. 

Soil fertility. — Soils of this project have produced good crops 
^wliere suitable moisture conditions have been maintained. The 
chief type of soil on the project was submitted to the chemistry 
department, where it was analyzed by Mr. R. F. Beard. Comment- 
ing upon the determinations, Prof. H. V. Tartar, station chemist, said: 

Sample No. 6 was analyzed for its content of nitrogen, phosphorous, and potassium, 

three of the essential plant foods which are liable to be deficient in soils. The results 

of the analysis are as follows: 

Per cent. 

Total potash (KjO) 1. 51 

Total phosphorus (P2O8) 186 

Total nitrogen 086 

The amount of potash present is very good, comparing very favorably with most of 
our Oregon soils. The quantity of phosphorus is average; other conditions being 
favorable, the phosphorus is evidently present in quantity ample for plant growth. 
The amount of nitrogen is somewhat low, this being characteristic of many eastern 
Oregon soils. Most of our western Oregon soils contain at least 0.20 per cent of nitrogen. 
On the other hand, the soils of the more arid regions contain in many instances much 
less than this amount. We have found some productive soils in this region with only 
as much nitrogen as this sample contains. The nitrogen in these soils seems to be in 
a very available form. 

IRRIGATION. 

Water has been diverted and applied to the valley lands by numer- 
ous farmers' ditches for a great many years. Recently a ditch has 
been constructed to apply flood water to a part of the bench land. 
The common method of irrigation has been contour flooding, the 
laterals and furrows being laid out on the ridges or across the slope 
to lead the water out over the higher places and allow it to flood the 
. surface of the field. Alfalfa is the chief irrigated crop where water 
has been provided and will easily continue to be the chief crop imder 
irrigation. The soils of this project take up water readily, and the 
gentle sloping bottom lands are well adapted to the border method of 
irrigation for alfalfa. By this method the field to be irrigated is laid 
off in long, narrow strips separated by low, broad borders 6 to 8 feet 
wide and not over 8 or 10 iriches high. These strips should be about 
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3 rods wide and may be from 10 to 20 rods long, depending on the slop 
and character of the soil. The soil between these borders should 1m 
made smooth and be leveled to one plane. There should be a uniform 
moderate slope from the upper to the lower end of the check. Watd 
admitted at the upper end spreads over the surface of the inclosuri 
until it reaches the lower end. 

The corrugation or furrow method of irrigation should be used foi 
applying water to most of the bench lands. Head ditches should bts 
provided about 440 feet apart and the water diverted from these into 
the small corrugations by means of lath tubes. With proper con- 
servation of spring rainfall, grain should usually require but ond 
irrigation on this project and potatoes will probably do best with two 
light irrigations rather than a single heavy one. About three irriga- 
tions should be sufficient for alfalfa. 

If the practice of the best farmers in the district is followed, If 
to 1} feet in depth over an acre per season should be reasonable as 
an allowance of water for bench 1m nds, and 1} to 2 acre-feet should 
be a reasonable amount for bottom land, provided some diversity 
of cropping is practiced. 

Excluding the steep breaks and stream beds, there is little land on 
the proposed project having a slope of less than 10 feet per 100 that 
is not suitable for irrigation purposes. 

V Alkali. — While alkali crusts and salt grass appear on the bottom | 
land about Prineville and in a few draws on the bench, it is believed 
the alkali problem can be readily solved by draining the areas affected, 
which constitute a minor part of the project. Representative sam- 
ples of the bench land subsoil and hardpan, and also representative 
bottom-land samples, were submitted to the station chemists to deter- 
mine whether alkali was commonly present in the main areas of the 
project in sufficient amount to render likely any serious trouble after 
years of irrigation. Analyses by Mr. R. F. Beard and comments on 
them by Prof. H. V. Tartar, chemist, which follow, Ladicate that 
alkali troubles should not interfere greatly with the success of the 
project. 



Sample 
No. 


Description. 


Section. 


Town- 
ship. 


Kange. 


Per cent 
alkali. 


2-a 


Surface bottom land along Ochoco Creek 


S.iof35 
S.iof36 
S. i of 9 
SE. i of 
30. 


14 S. 
US. 

us. 

US. 


16 E, 
16 E. 

15 E. 

16 E. 


0.018 


2-b 


Subsoil 


.024 


6 


Subsoil from bench land 


.022 


X 


Hardpan (subsoil bench land) 


.022 









These results show that the amount of soluble alkali salts in the samples is not 
large, not greatly exceeding two one-hundredths of 1 per cent in any instance. This 
quantity of soluble salts is not sufficient, in my opinion, to interfere with the growth 
of agricultural crops. 
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Drainag^e. — ^Most of the bench land on this project has sufficiently 
>od depth and slope to insure good drainage. There are numerous 
ell-defined draws that will carry excess water away. Probably less 
lan 8 per cent of the bench land will ever be troubled by poor 
rainage if irrigation is practiced. Nearly aU of the fine sand in the 
alley floor has good drainage, and the natural meadows can be 
rought into a higher state of production by having the water con- 
rolled by drainage. 

The dark fine sandy loam in the valley floor contains an excessive 
mount of alkali in various places, and as irrigation is applied to the 
►ench land it will become more and more important to provide the 
leavier portions and lower lying portions of this type of soil with 
Irainage. Much of it is underlaid with one or more layers of hard- 
)an but these can be dissolved by careful use of irrigation water 
md drainage will make it possible to more readily soften these hard 
ubstrata and to control the alkali. Surface drainage in places can 
)e secured at present, so that alkali salts may be flushed off by using 
iood water in the winter season. Drainage ditches are as necessary 
io a complete irrigation system as are the irrigation ditches, unless 
there is good natural underdrainage. A system of outlet ditches will 
be needed for this type of soil in the vicinity of PrineviUe and below. 
Probably one-half of this type of soil wiU require some drainage. 
With good surface outlets provided, it is believed that little under- 
drainage will be required. The distance to the stream bed in most 
cases is less than a mile and at the stream bed a good outlet can be 
secured. The cost of outlet draiuage systems will not exceed five 
to eight doUars per acre for the land affected. Fairly thorough under- 
drainage may be required to control excess water and alkali on the 
steep land in the river bottom just above Barnes Butte. A large 
amount of water rises in this vicinity and it may be best to leave 
the worst part of this land in permanent natural meadow. Wells 
are obtained over the whole project at depths ranging from 10 to 
40 feet and one or two artesian flows have been obtained at greater 
depth. \^ 

Best types of irrigation agriculture for the project. — ^As already in- 
dicated, the type of farming in the valley during the past has been 
hay and live stock. Little use has been made of farmyard manxu'e 
in the valley and almost no attention given to crop rotation and 
niaintenance of fertility. With irrigation, dairying and hog raising 
should become leading industries of these lands. As the use of 
irrigation grows it will be more necessary to practice rotation of 
crops and the appHcation of manures to the land, in order to retiun 
fertilizer removed by the large annual yields that wiQ be obtained, 
and to build up and maintain the water capacity and available fer- 
tility of the soil. 
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On the bench lands, light crops of grain have been produced 
second year. Little attention has been given to a permanent syst 
of agriculture. Irrigation would make it possible to raise le 
crops such as alfalfa, clover, and field peas, and these could be re 
in rotation with grain and cultivated crops. Considering present 
transportation facilities, it would seem most practical to feed thesa 
crops to dairy and meat-producing animals that could be marketer 
in condensed form, and the fertility left on the land. A reasonable^ 
farm unit under irrigation for conditions obtaining on the project 
would be 60 to 80 acres. 
^ Probable value of irrigation. — ^The chief area of soil on the project 
is sandy loam bench land which at present is partly dry-farmed. 
Irrigation would make it possible to raise large crops annually, where 
now onjy Ught crops are raised each second year, on land where the 
dry-farm plan is followed. It would make possible the production 
of legumes and the maintenance and feeding of live stock, which 
would permit a rotation of crops, better control of weeds through 
intensive farming, and the estabhshment of a more permanent sys- 
tem of agriculture. With irrigation, most of , this bench land would 
yield 3 to 3i tons of alfalfa. The better portions of it should yield 
as much as 4 tons of alfalfa per acre with careful handling. This crop 
would easUy be the leading crop for some years to come and its value, 
fed to live stock, should determine what it is possible to realize from 
these bench lands under irrigation. 

The soU on the bench land of this project is a little coarsar but 
has better depth and drainage than that of the north imit of the 
Deschutes project. There is a slight disadvantage in climatic con- 
ditions and transportation facilities. The juniper land is free from 
rocks as compared with the west unit of the Deschutes project, while 
the soil has a little finer texture and greater depth. 

The bottom land appears productive enough to justify the expense 
required for reclamation by irrigation and drainage. With a com- 
plete water right the lands under cultivation in the valley would be 
brought into a much higher state of production and much fertile 
land that is now idle would also be made productive. With such a , 
water right the bottom land should yield SJ to 4 tons of alfalfa per 
season. The productiveness and even topography make the vaUey ' 
attractive for irrigation purposes. 

The lands of the project are aU within a few miles of a substantial 
town, with a creamery and other industries related to agriculture 
already established. There is much outside summer range in the sur- 
rounding mountains. It is beheved that the project offers a com- 
paratively safe field for irrigation development and is worth the 
estimated cost if interest charges do not exceed 3 per cent. 
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These surveys were made possible by arrangement with the college 
.uthorities. Professor J. E. Larson, of the college, accompanied the 
irriter during most of the field work in connection with this report. 

WATER SUPPLY, OCHOCO CREEK. 

Ochoco Creek, one of the largest tributaries of Crooked Rivefj; 
rises in the Blue Mountains east of Prineville. It is an intermittent 
stream, having practically no run-off in summer and about half of 
its total yearly run-off durii^ the months of March and April. 
The drainage area is about 300 square miles, the upper part being 
forested, while the lower part consists of steep rolling hills and the 
fertile bottom lands of the valley proper. 

Following are monthly discharges of Ochoco Creek from records of 
the United States Geological Sxu^ey: 

Discharge records. — ^The records of discharge for Ochoco Creek are 
meager and somewhat scattering. They include but one complete 
climatic year, but furnish fairly complete data for estimating three 
other years. 

Ochoco Creek at ElliotVs ranch {about 6 miles east of Prineville.) 



1908-9. 
November... 
December. . . 

January 

February.... 

March 

April 

May 

June 

July 

Aujaist 

September... 



The period . 

1909-10. 

October 

November.... 
December 



Discharge. 



Maxi- Mini- 
mum, mum. 



Sec.-ft. 

22 

32 

306 

440 

276 

248 

170 

75 

17 

1.6 

1.5 



0.5 
1,050 
387 



Sec.-ft. 



6 
60 
45 
148 
45 
1« 



83 



Mean. 



Sec.-ft. 
10 

10.3 
107 
113 
135 
181 
97.5 
32 
5.4 
.«7 
.45 



0.13 
109 

158 



Total 
run-oflE. 



Acre-ft. 

595 

633 

6,580 

6,280 

8,300 

10,800 

6,000 

1.900 

332 

54 

27 



41,500 



6,490 
9,720 



1909-10. 

January 

February... 

March 

April 



The period 

1914-15. 
November 23-30. 

December 

January 

February 

March 

.April 

May 

June , 



The period. 



Discharge. 



Maxi- Mini- 
mum, mum. 



Sec.-ft. 
422 
387 
608 
234 



19 
15 
15 
60 
200 
290 
45 
19 



Sec.-ft. 

38 

52 

262 

67 



Mean. 



Total 
run-ofiL 



Sec.-ft. 
143 
110 
431 
148 



Acre-ft. 

8,790 

6,110 

26.500 

8,810 



18.8 
7.61 
9.13 

30.8 
117 

99.1 

22.1 
6.17 



66,400 



298 

468 

561 

1,710 

7,190 

5.900 

1,360 

367 



17,900 



Ochoco Creek at PrinevUle. 





Discharge. 


Total 
run-oflE. 


• 


Discharge. 


Total 




Maxi- 
mum. 


Mmi- 
mum. 


Mean. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


run-off. 


^ 1913-14. 
December 15-31.. 
January . 


122 
207 
416 
280 
46 


Sec.-ft. 
9 
28 
23 
112 
65 


Sec.-ft. 
10.2 
76.4 
91.9 

292 

159 
5.02 


Acre-n. 

m 

4,700 
5,100 
18,000 
9,460 
309 


1913-14. 
June 1-25 

The period 


Sec.-ft. 
7 


Sec.-ft. 
0.2 


8ec.-fl. 
l.ul 


Acre-ft. 

51.5 


Febro!irv 








38,000 


March 


1915. 

March 7-31 

April 








April.!;;;;;;;;*.; 


154 
149 


16 


78.6 
58.7 


' 


May...;;;;;; 


3,900 
3,490 
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Ditch at intake (diverts above station on Ochoco Creek.) 






Discharge. 


Total 
rtm-ofl. 




Discharge. 


ToU 




Maxi- 
mum. 


Mini- 
mimi. 


Mean. 


Maxi- 
mum. 


Mini- 
mum. 


Mmn. 


1908. 


8ec.-ft. 
2.S 

8.5 
7.5 
5.9 
2.7 
1.5 


8ec.-fl. 


Sec.-ft. 
0.75 

2.81 

4.30 

1.48 

.72 

.09 


Acre-ft. 

155 

264 
88.1 
44.3 
3.1 


1914-16. 
October 


8ec.'ft. 


8ec.'ft. 


1.0 
.8 
1.0 
1.23 
.64 
2.94 
4,85 
4.76 


6L 
68. 
39. 




November 






1909. 


December 






ADril 


January 






^y ::::::;::::: 


February 

March 


3.2 
3.2 

8.7 
6.6 
7.9 




Jni^e 


July 


April 


ITa 


Aumist 


mSv!::::::.:::.. 


298 


Scptoznber 


June 


28R 












The period 




The period.... 








600 








1,100 




















October 


.9 
2.2 

6.0 




.37 
1.00 

1.91 


22.8 
59.5 

114 




November 

1910. 
April 








The period.... 








196 















Table Land Ditch near intake {diverts above station on Ochoco Creek.) 





Discharge. 


Total 
run-off. 




Discharge. 


Total 




Maxi- 
mum. 


Mini- 
mum. 


Mean. 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


run-ofi. 


1915. 
February 24-28.. 

Ifftrrh 


20 
14 
14 


u 

12 


12 

13.9 

13.4 


Acre-ft. 
192 
738 
827 
824 


1915. 
June 


'"■■{^ 


Sec'ft. 
0.2 


'%-fi 


Acn.^^ 


The period 




April 








2,800 


May!:::.::.:::.. 

















Estimated yearly discharge, 1903 to 1916. — ^The following discus- 
sion of water-supply records of Ochoco Creek and probable discharges 
for the past 12 years, has been prepared by Fred F. Henshaw, district 
engineer, United States Geological Survey, in charge of the coop- 
erative stream gaging work in Oregon. 

A gaging station was established on Ochoco Creek at the proposed 
dam site by the United States Geological Survey, on October 29. 
1908; also one on EUiott's ditch which diverts above the gage on the 
creek. These were maintained imtil April 30, 1910. They were rees- 
tabhshed October 26, 1914, and a station was installed on the Table 
Land ditch, which was constructed in 1912, and which also diverts 
above the station on the creek. Records were kept on Ochoco Creek 
at the bridge in PrineviUe, below all diversions, from December 15, 
1913, to June 25, 1914; also during March and April, 1915. During 
the two latter months the recorded run-off was approximately 3,000 
acre-feet per month less than that at the dam site about 7 miles 
above. It has been assumed that the same rate of depletion held 
for about 3 months in 19i4, a year in which the high water lasted 
longer than in 1915. 
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Ite recorded and estimated discharges of Ochoco Creek at the 
lam site during the three years of record, are as follows: 

^or 190&-9: Acre-feet. 

Recorded run-off of Ochoco Creek, Nov. 1-Sept. 30 41, 500 

Recorded run-off of Elliott ditch, Nov. 1-Sept. 30 600 

EBtimated run-off of creek and ditch, October, 1908 300 

Total 42, 400 

For 1909-10: 

Recorded run-off of Ochoco Creek, Oct. 1-Apr. 30 66, 400 

Recorded run-off of Elliott ditch 196 

Estimated run-off of creek and ditch. May 1-Sept. 30 5, 000 

Total : 71, 600 

For 1913-14: 

Recorded run-off of Ochoco Creek at Prineville Bridge, Dec. 15-June 25.. 38, 000 

Estimated run-off Oct. 1-Dec. 14 1, 000 

Estimated net diversion of water between dam site and station 10, 000 

Total 49, 000 

For 1914-15: 

Recorded run-off Nov. 23-June 30 — 

Ochoco Creek 17, 900 

Table Land ditch 2, 800 

ElHott ditch 1, 100 

Estimated run-off Oct. 1-Nov. 23 and July 1-Sept. 30 200 

Total 22,000 

It is thus possible to approximate closely the available water supply 
for the proposed Ochoco project for four seasons, of which one 
(1914-15) wiU prove the lowest in many years, according to informa- 
tion at present available. The other three are more nearly normal 
years. 

Records of discharge are available for many streams in eastern 
Oregon for the last 12 years, beginning in 1903. In order to study 
the records of these streams, and to afford a means of comparing 
them with the Ochoco, there have been Usted in the accompanying 
table the yearly run-offs, so far as observed, for aU stations in eastern 
Oregon, also for Columbia River at The Dalles. Two columns of 
figures are given for each station, the first column being the total 
annual run-off in thousands of acre-feet, and the second colimm indi- 
cating the order of magnitude of the total run-off at each station for 
the respective years listed, No. 1 being the highest and No. 12 the 
lowest year. 
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Yearly run-off in thottsanda of acre-feet for streams in Oregon, 1903-1915, indioatxii 
order of magnitude for different years. I 





Station. 




Columbia 

River at 

The Dalles. 


Owyhee 
River at 
Owyhee 
(hiduding 
canal). 


Malheur 

River near 

Namorf. 


Powder 
River at 
Salisbury. 


SUvies 

River near 

Bums. 


UmatlllR 
River at 
Gibbon. 


Drainage area.. 


237,000 


11,100 




230 


940 


3S 








Year. 


Run-oflE. 


No. 


Run-ofl. 


No. 


Run-off. 


No. 


Run-off. 


No. 


Run-ofl. 


No. 


Run-oft. 


Noj 

1 ' 
• 1 


1903-4 


00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 


1 

11 
10 
2 
5 
• 6 
3 
7 
9 
4 
8 
12 


1,160 

392 

1,080 

1,380 

420 

1,270 

1,470 

1,160 

1,240 

606 

979 

330 


5 
11 
7 
2 
10 
3 
1 
6 
4 
9 
8 
12 


753 
383 
488 


1 
8 
3 
4 

11 
6 
2 
9 
7 

10 
5 

12 


146 

55.5 

79 
116 

86.3 

75.8 
120 

79.7 
127 
111 
110 


1 

11 
9 
4 
7 
10 
3 
8 
2 
5 
6 
12 


298 
77.4 
140 


1 

10 
6 
2 

8 
5 
11 
3 
7 
4 
12 


451 


1904^ 


184 1 11 


1905-6 


275 ' i 


1905-7 


350 ' ^' 


1907-8 






295 
281 
377 


( 


190a-9 


357 
499 
262 
286 
224 
380 
146 


97.2 
152 

73 
172 
118 
162 


} 


1909-10 


i 


1910-11 


249 ' U 


1911-12 




1912-13 




1913-14 


) 


1914-15 


r*:: 












Mean.... 


138,000 




957 


.... 


358 




96.4 




137 


.... 


315 











Station. 










Umatilla 
River at 
Yoakum. 


John Day 

River at 

Davville 

(including 

South Fork). 


John Day 

■;jverat 

McDonald. 


East Fork of 

Deschutes 

Kiver at 

/.Hen's 

ranch. 


Crooked 
River near 
Prineville. 


Ochoco 
Creek near 
Prineville. 


Drainage area.. 


1,200 


1,600 


7,800 


920 


1,990 


3O0 


Year. 


Run-off. 


Xo. 


Riui-off. 


No. 


Runoff. 


No. 


Run-off. 


No. 


Run-off. 


No. 


Run-off. 


No. 


1903-4 


786 
235 
522 
658 
418 
351 
532 
303 
718 
652 
430 
220 


1 

11 
6 
3 
8 
9 
5 
10 
2 
4 
7 
12 






2,500 

928 
1,430 
2,100 
1,010 

992 
1,500 

9fil 
2,410 
1,770 
1,520 

632 


1 

11 
7 
3 
8 
9 
6 
10 
2 
4 
5 
12 














1904-n5 






165 
140 
258 
184 
178 
279 
161 
196 
191 
158 
110 


8 
11 
3 
6 
7 
2 
9 
4 
5 

10 
12 










1905-6 














1906-7 














1907-8 














190&-9 


269 
320 
241 
647 
338 
326 


9 
6 

10 
2 
4 
5 

12 


189 
375 
204 
328 
238 
284 


9 
3 
8 
4 
7 
5 
12 


42.4 
71.6 


i 


1909-10 


2 


1910-11 




1911-12 






1912-13 






1913-14 


49 
22 


5 


1914-15 


12 










Mean.... 


486 




329 




1,480 




193 




265 




48.3 





The values for 1914-15 have been computed for 5 stations up to 
April 30, and the probable r n-oflfs for the remaining five months, esti- 
mated, in order to give a yearly total. The means for the 12 years, 
1903-4 to 1914-15, have been computed, using estimated values for 
years ot missing records. 

In the following table yearly values of departures from the 12-year 
mean for the 12 stations, expressed in terms of per cent departure 
from the mean, have been arranged in decreasing order of magni- 
tude. The records for any station, when thus arranged, form a series, 
the terms of which, if numerous enough, vary in accordance with the 



Digitized by 



Google 



OCHOCO PROJECT. 



37 



aathematical law of probability. The first or highest year, which in 
he case of all streams except the Owyhee, occurred in 1903-4, was 
or Malheur River, 110 per cent above the mean; 117 per cent above 
or the Silvies, ranging down to 43 per cent above for Umatilla River 
it Gibbon; the general average, omitting the Columbia, being 73 
per cent above the mean. The sixth year was the most nearly nor- 
mal, averaging 3 per cent above the mean, but for individual stream^ 
varied from 21 per cent above to 6 per cent below. The lowest year 
in aU cases is 1914-15, as estimated; and it is altogether improbable 
that such abnormally large precipitation can occur after May 1 as 
to bring the nm-off up to that of the next lowest year. 

Per cent departures from the mean of each of 11 eastern Oregon streams shovm in order 
of decreasing rrvagnitude for each stream. 



Year in or- 
der of mag- 
nitude. 






5^ 

v.c 

O 



511 









-Is 





ill 






08 "^ 



<'9 






+ 27 
+ 20 



+ 

+ 



10.. 
11.. 
12.. 



12 

12 

4 

1 

1 

- 2 

- 4 

- 17 

- 27 



+ 54 

+ 44 

+ 33 

+ 30 

+ 21 

+ 21 

+ 13 

+ 2 

- 37 

- 56 

- 99 



+ 


110 


+ 


39 


+ 


36 


+ 


6 







_ 


20 


— 


21 


_ 


27 


— 


37 



59 



52 
32 
24 
20 
15 
14 
10 

- 17 

- 18 

- 21 

- 42 



+ 
+ : 
+ : 
+ : 

+ 



+ 117 



+ 43 



+ 20 

'+'ii 



- 44 

- 47 



- 11 

- 13 

- 21 

- 42 



+ 62 
+ 48 
+ 35 
+ 34 
+ 9 
+ 7 

- 12 

- 14 

- 28 

- 38 

- 52 

- 55 



+ 46 


+ 3 

- 1 

- 3 


"-'is* 

- 27 



+ 68 

+ 42 

+ 20 

+ 3 

+ 1 

- 3 

- 32 

- 33 

- 35 

- 37 

- 57 



-f 44 
+ 34 
+ 3 

- 1 

- 5 

- 8 

- 15 

- 16 

- 18 

- 27 

- 43 



+ 41 
+ 24 

+ 7 



- 10 

- 29 



The position, in order of magnitude, of the four years for which 
records were obtained on Ochoco Creek, may be approximated by 
comparison with other streams. For the year 1908-9, the positions 
of the other nine streams (oxnitting Columbia and Owyhee Rivers) 
were sixth and seventh once, eighth twice, ninth four times, and 
tenth once, giving a mean of 8 -f . 

For the year 1913-14 the positions were fourth once, fifth four 
times, sixth, seventh, and tenth once each, giving a mean of 6 — , 
but it was fifth on the stream most nearly comparable with the 
Ochoco and has been so considered. 

Similarly 1909-10 has been considered the second year, and 1914-15 
is, in all cases, twelfth. 

On plate 45 the information hsted in the tables has been shown 
in the form of diagrams (see Paper No. 1308, Transactions American 
Society of Civil Engmeers, Vol. LXXVII, p. 1539, by AUen Hazen), 
the values for the highest, second highest years, etc., for each station 
bemg platted on the same vertical Kne and a mean line drawn 
through the point. The distance between the vertical lines is 
greater near the ends of the diagram than in the center, as the 
variation between successive values is greatest nearest the extremes. 
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The data for Columbia Riyer have not been platted, as conditions in 
its drainage basin are hardly comparable with those of Ochoco Creek. 
In the lower diagram the run-off of Ochoco Creek for the 4 years re- 
corded has been platted on the vortical lines on which they appear to 
belong, considering the position of these same years on other streams. 
The probable 12-year mean for Ochoco has been determined as 
foUows: The average departure from the 12-year mean as shown 
by the line in the upper diagram for the second, fifth, eighth, and 
twelfth years of the period is — 4J per cent — i. e., one-quarter of 
+ 45 per cent, +10 per cent, —16 per cent, —56 per cent. The 
average run-oflf for the 4 years during which records exist, and 
which have been estimated to correspond to the second, fifth, eighth, 
and twelfth years of the 12-year period, is 46,250 acre-feet and is 
considered comparable with the average of the departures of these 
years, which from the upper diagram has been shown to be 4i per 
cent below the 12-year mean. The 12-year mean is in this manner 
estimated to be 48,300 acre-feet.. A line giving the same variations 
from the mean as the line in the upper part of the diagram has been 
drawn to show probable values for other years of .the series during 
which no observations were made. Thus the observed and esti- 
mated values for the past 12 years of Ochoco Creek at the dam site 
arranged in order of magnitude are as follows: 

Yearly rurtroffin acre-feet of Ochoco Creek at dam sUe near PrineHlle. 

Acre-feet. 

First (highest) year 86*000 

Second year, 1909-10 71, 600 

Third year 63,000 

Fourth year » 57,000 

Fifth year, 1913-14 49,000 

Sixth year 48,000 

Seventh year 44,000 

Eighth year, 1908-9 42, 400 

Ninth year 37,000 

Tenth year 32,000 

Eleventh year 28,000 

Twelfth year, 1914-15 , 22, 000 

Mean 48,300 

There is considerable imcertainty in the left, or upper, portion of 
the curve, as 1909-10 may have been the third instead of second 
year in order of magnitude, while the first, or highest, year may be 
expected to be as much as twice the mean, or at least 100,000 acre- 
feet, if the variation of the Ochoco is similar to that of Malheur and 
Silvies Rivers. 

With regard to probable discharge prior to 1903, there are few 
reliable data. Records covering 7 years on UmatiUa River at 
Yoakum, 1896 to 1903, show an average about 27 per cent greater 
than for 1903-1915. Five years of records on Owyhee River, 
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S90— 1896, show* 30 per cent greater, and on Columbia River at The 
>sJles the mean for 1878 to 1903 is 16 per cent greater than for the 
i,st 12 years. On the other hand, the records on Malheur River at 
^ale in the nineties show less than the later average, but these 
ocords are subject to fully as great uncertainty as any of the others. 
[?lie weight of evidence seems to indicate that the mean for the last 
L2 years is lower than a mean based on a longer period of records. 

IRRIGATING SEASON. 

The length of irrigating season for any project depends upon condi* 
tions of cUmatic and seasonal rainfall. In the northern parts of the 
United States it is generally considered to extend from about May 1 
to the first week of Sept3mber, the extreme period commencing as 
early as the frost is out of the ground and there is warmth enough to 
stimulate plant growth, and ending in some localities only when 
pasture ceases to grow. 

The averages of the records of monthly and annual temperature 
and precipitation for Prineville for the years 1897-1913, inclusive, 
given in the following table, are from the United States Weather 
Bureau records: 





1 


i 


1 


1 

< 


i 


s 
5 




< 


t 


1 


1 
1 


i 


i 


Temperature (de- 
grees) 


33.2 
0.91 


36.1 
1.08 


40.7 
0.82 


46.5 
0.81 


53.2 
0.92 


58.2 
0.80 


65.0 
0.34 


65.0 
0.28 


56.7 
0.65 


49.1 
0.64 


38.4 
L09 


35.8 
1.00 


48.2 


Precipitation 
finches) 


9.34 







Following is a tabulation of the temperature and precipitation for 
the year 1906. This year has been selected both because the records 
are complete and because the mean temperature and the mean pre- 
cipitation for the year coincide very closely with the average for the 
17 years ot record. 





Temperature. 


Frost. 


Hail. 


Thunder- 
storm. 


Precip- 


1906 


Maxi- 
mum. 


Mini- 
mum. 


Mean. 


itation 


Januarv . 


61 
60 
65 
85 
86 
90 
98 
95 
89 
83 
68 
55 


8 
16 
- 1 
20 
26 
33 
42 
34 
27 
15 
8 
9 


35.2 
36.2 
35.2 
45.8 
52.0 
55.2 
70.6 
64.1 
58.7 
48.3 
37.4 
37.0 








0.75 


February 








.36 


March 








1.25 


April 








.44 


May!:::::::::::.:.:::...:.: : 


16th, 17th. 


25th. 


Sill 


1.23 


June , 


2.10 


July 






.81 


August ... 






.10 


Septembiea' 


10th, nth. 
13 times. . . 




.55 


October 






.51 


Noveniber 








.72 


December 








.5S 












Annual 


98 


- 1 


48.0 


9.35 
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The greatest range in temperature of record at Prineville is fro 
119"*, July, 1898, to —29"*, January, 1909. The average range, ho 
ever, is from about 0° winter to 100® in summer. The avera 
range of frosts is from the latter part of August to the early part 
June, although light frosts have been known to occur as late as Ju 
15 and as early as August 2. It is a weU-known fact that owing 
the dryness of the air in this locaUty temperatures of 32° or even 
or 5® lower do not always result in the formation of frost, and tl 
hardy varieties of vegetation are seldom materially injured by lo 
summer temperatures. 

The Ochoco project is within the arid region, the mean annul 
rainfall for the period of record being 9.34 inches, with a range I 
from 7.10 inches m 1911 to 13.31 mches m 1907. | 

In considering the Ochoco project it has seemed desirable to oWoyf^ 
for the first appUcation of water in May and to make this compara- 
tively small on account of the frequent occurrence of frosts as late as 
June. A small allowance of water has been estimated for September. 
In general this will be a final irrigation for pasture crops. No allow- 
ance has been made for any use of water after September for domestic 
supply or for irrigation. Domestic supply can generally be obtained 
from wells of practicable depth. 

Late fall irrigation is not considered for the reason that there is 
little or no advantage to be gained in the matter of storage by so 
doing, and it is generally recognized that such irrigation tends to 
prevent proper aeration of the soil. 

The percentage distribution of water by months during the irri- 
gating season is assumed as foUows: 

May 15 

June - 27 

July 31 

August 20 

September 7 

Total 100 

EVAPORATION AND SEEPAGE LOSSES. 

The difference between the water actually stored and that required 
on the land is the sum of losses due to evaporation from reservoir and 
canal surfaces, seepage loss from reservoir, and seepage losses in 
canals and distributaries. 

Evaporation losses from water surfaces have be^i the subject of 
considerable study. Most of these studues have been made from 
pans located on the ground, and the results obtained are now thought 
to be higher than actually occur from surfaces of lai^e bodies ot 
water. The conditions governing rate of evaporation are those of 
temperature, altitude, wind movements, and the natiu*e of the body 
*6f water. That is, the evaporation is greater from a broad, shallow 
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►ody of water than from one of considerable depth. Evaporation 
osses, according to more recent investigations, vary from about 3 
eet in depth per annum in the higher altitudes to about 6 or 7 feet in 
he lower and arid sections. 

A maximum annual evaporation of 48 inches in depth has been 
aissumed for Ochoco reservoir and the following table shows assumed 
monthly rates in inches of depth: 



January 0. 45 

February 1. 15 

March 3. 00 

April 5.96 

May 6.45 

June 6. 30 

July 7.25 



August 8.30 

September 5. 30 

October 2.30 

November 0. 90 

December 0. 45 



Annual 48.00 



Evaporation from the water surface of canals has been neglected 
here as it is comparatively small. For example, evaporation during 
the irrigating season would be about 3 feet in depth, and in a canal 
20 miles long and 10 feet wide at the water surface, this would amount 
to about 70 acre-feet or a loss of 0.2 per cent which is n^hgible. 

Beservoir seepage. — The probable amount of seepage from a reser- 
voir is difficult to estimate even approximately except by actual ex- 
periment. It depends primarily on the geological or physical char- 
acter of the imderlying strata wjiich can not be determined satisfac- 
torily even with most exhaustive examination by test holes or pits. 

Kecords from various storage basins show seepage losses from 
practically nothing at East Park Reservoir, Cal., to as high as 85 per 
eent from Deer Flat Reservoir during the first year of its use. 

It is of interest to note, however, that the losses from this latter 
reservoir have gradually decreased until in the sixth year they 
Amounted to less than 30 per cent. 

It is believed, from records of borings at Ochoco dam site (see 
Plate No. 32) and Hole No. 6 in the reservoir site, a half mile above ther 
dam site, that the subsoil of Ochoco reservoir consists lai^ely of clay 
and that seepc^e losses will be comparatively small. Hole No. 6 was 
put down about a half mile above the dam site to determine the char- 
acter of material in the bottom as affecting seepage losses. While 
^Ws hole did not penetrate a clay stratum as in the case of the holes 
at the dam site, nevertheless the sand at the bottom was very com-r 
pact and iatermixed with clay, and there was no evidence of any loss 
of water by seepage when work was stopped. 

Springs between the dam site and Prineville give evidence that conr 
siderable of whatever seepage there may be from the proposed reser- 
voir will be brought to the surface and made available for the irriga- 
tion of bottom lands. It has been assumed for this estimate that the 
seepage from the reservoir, completely lost to this project, will be 10 
per cent of the total reservoir capacity. 
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Canal seepage. — Seepage losses from canals are generally expressed 
in terms of percentage of flow lost per mile, or as the loss in 24 houx^ 
in terms of cubic feet per square foot of wetted area. I 

The latter method has been used in this estimate. 

Results of investigations by Bark on seepage losses from canals iii 
Idaho, 1913-14 biennial report of State engineer of Idaho, show tix^i 
'^canals in average South Idaho soil, which is a medium clay loam, 
should be designed to withstand a loss of from 0.5 to 1.5 cubic feet 
per square foot of canal bed, per 24 hours; that 0.5 cubic feet per| 
square foot per day is a safe basis for clay soils that are relatively 
impervious, about 1 cubic foot per day for medium soils, and from 
1.5 to 2 cubic feet per square foot per day is a safe basis for somewliat 
pervious soils.'' 

The soils of the Ochoco project are considered about equivalent to 
the medium clay soils of Idaho in relation to their resistance to losses 
by seepage. The soil is light and fine textured, and it is believed 
canal losses will be comparatively small, due to natural silting of the 
bottom. The loss by seepage from canals in this estimate has there- 
fore been assumed at 1 cubic foot per day per square foot of wetted 
area. 

Seepage losses in concrete-lined canals are almost negligible. 
Experiments have shown that they do not exceed 1 inch in depth per 
square foot of wetted area per 24 hoijrs, and this figure has been used 
in the estimate. 

Seepage loss in the main canal has been estimated as follows: 
Mile to mile 8.95 is a concrete lined section, and seepage loss assumed 
as 1 inch in depth per square foot of wetted area per 24 hours. Mile 
8.95 to mile 21 is an earth section, and seepage loss assumed as 12 
inches in depth per square foot of wetted area per 24 hours. The 
rate of seepage for July is 11.4 second-feet, or a loss of about 0.074 
per cent per mile for concrete lined sections, and 1.5 per cent per mile 
for the eartji section at mile 8.95, increasing to 4.5 per cent per mile 
at mile 21. The total seepage for July is 700 acre-feet. As the flow 
in July is 0.31 of the total, the total loss from seepage in the main canal 
if assumed to be proportionate to the amoimt of water being carried, 
wiU be 700^0.31 =2,260 acre-feet. 

The minimum capacity of laterals to 40-acre tracts has been 
assumed as 10 second-feet. With rotation and a high irrigation head, 
seepage in the lateral system can be reduced materially below that 
for the continual flow method of delivery. The total length of laterals 
up to the 40-acre tracts is approximately 452,900 feet, but several 
trials have shown that the average continual working length is about 
0.35 of the actual length, or 158,400 feet. Assuming a seepage loss of 
12-inch depth per 24 hours over a wetted perimeter which averages 
about 7 square feet per foot length of canal, the loss would be about 
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10 acre-feet during July. When a section of a lateral is not working 
will dry out, and the loss on first applying water will be greater 
.an for laterals having a continual flow. In order to allow for 
lis loss the further assumption is made of a 12-inch absorption of 
ater for each of two irrigations over the remaining 0.65 of the total 
ngth of lateral, or approximately 90 acre-feet. 
The total losses by seepage and absorption in the lateral system, 
aus estimated and expressed in acre-feet, are: 780 + 90 = 870 acre- 
iet for July, and 870 -^ 0.3 1 = 2,800 acre-feet for the irrigation 
Bason. 

RELATION OF PRESENT WATER RIGHTS TO PROJECT. 

The recent adjudication of water rights of Crooked River and its 
ributaries indicates that rights to the use of the waters of Ochoco 
nd McKay Creeks for irrigation of lands under the proposed Ochoco 
>roject have been granted for about 5,400 acres of land. This pro- 
ides for irrigation during the spring months only, for the greater 
)art of the land, as no storage has as yet been undertaken and there 
8 Uttle or no run-oflp during the summer months. 

It is impracticable to go into relative values of the diflPerent rights 
n this estimate, and only an approximate idea of the amount of water 
required by all these lands can be obtained from the data available. 
The only record of stream flow at the proposed dam site during the 
irrigating season was obtained in 1909. Partial records for the years 
1912 and 1914 were obtained at Prineville, but there is no record of 
the amount of water diverted between Prineville and the dam site. 
The run-off for 1909 seems to have been a little below the average 
for the streams in the State, but deductions as to the value of present 
water rights have been made, using the data obtained at that time 
as a basis for the estimate. 

Of the 5,400 acres of land having water rights, about 1,000 acres 
are located on McKay Creek. There are no records of flow of this 
stream, and it is therefore difficult to arrive at a satisfactory conclu- 
sion as to the probable amount of water they would need, but for 
the purposes of this estimate it is considered that it would be the 
same as that for lands having rights on Ochoco Creek. 

According to the adjudication, the water users are allowed one- 
eightieth of a second-foot per acre continual flow, or about 0.75 acre- 
^eet, per acre per month. 

The monthly flow of Ochoco Creek in acre-feet for the irrigation 
season of 1909 was: 

May 6,000 

June 1, 900 

July 332 

August 54 

September 27 
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At 0.75 acre-feet per acre per month the number of acres with 

adjudicated rights that could have been irrigated would be: 

May 5, 400-h 

June 2, 540 

July 450 

August 70 

September 40 

The number of acres requiring water would then be: 

May ft 

June 2, 860 

July 4,950 

August 5,330 

September 5, 360 

The economic duty will be shown to be 1.85 acre-feet per gross acre 

delivered to 40-acre tracts. Therefore the water applied to these 

lands would be: 

June 2,860X1.85X0.27=1,430 acre-feet. 

July 4,950X1.85X0.31=2,840 acre-feet. 

August 5,330X1.85X0.20=1,970 acre-feet- 

September 5,360X1.85X0.07= 690 acre-feet. 

Total 6,930 acre-feet. 

The proportionate amount of water required would be 6,930^ 
(5,40QX 1.85) =0.693, or 69.3 per cent. 

Since there are certain springs rismg between the dam site and 
Prineville which furnish irrigation waters to land in summer, and 
because of the uncertainty as to the use of a single year which is 
probably not an average in run-off, the percentage has been reduced 
to 60. 

The 5,400 acres having rights on Ochoco and McKay Creeks, aver- 
aged as a whole, would require only 0.6 as much water as would be 
required by the other lands. The equivalent average area having 
full water rights on this assumption would be &,400 X 0.6 = 3^40 acres, 
or, say, 3,200 acres. 

IRRIGATION DEVELOPMENT PROPOSED. 

It is proposed to store the water of Ochoco Creek in Ochoco Reser- 
voir and to serve approximately 17,700 acres of irrigable lands, of 
which 12,300 acres are located on the bench and 5,400 acres, requir- 
ing partial water rights, are mostly on the bottom adjacent to Ochoco 
Creek, McKay Creek, and Crooked River. 

Water available. — It was shown that the 5,400 acres of lands at 
present having water rights would require approximately 0.6 of a 
water right from Ochoco storage. Then 0.4 of a water right for this 
land wlQ have to be deducted from the nm-off at the dam site in 
order to arrive at the average amoimt available for storage. Assum- 
ing a diversion duty of as much as 2.2 acre-feet per acre, the deduction 
would be 5,400X0.4X2.2 = 4,700 acre-feet. 



Digitized by 



Googk 



OCHOOO PBOJEOT. 45 

The bottom lands in Ochoco Beser\roir site have water rights for 
about 500 acres which would revert to the project. Assiuning an 
annual diversion use of 2 acre-feet per acre, the run-off at the dam 
site would be increased by about 1,000 acre-feet. The average 
cmnual run-off of Ochgco Creek then for the past 12 years available 
for storage (see "Water Supply'') would be 48,300 -4,700 + 1,000 « 
44,600 acre-feet. 

With these assumptions the yearly run-off of Ochoco Creek in 
acre-feet available for storage in order of decreasing magnitude would 
be: 

Acre-feet 

First (highest) year 82, 300 

Second year, 1909-10 67, 900 

Third year 59,300 

Fourth year 53, 300 

Fifth year, 1913-14 45,300 

Sixth year 44, 300 

Seventh year 40,300 

Eighth year 38,700 

Ninth year 33,300 

Tenth year , 28,300 

Eleventh year 24, 300 

Twelfth year, 1914-15 18,300 

Mean 44, 600 

It is evident that for the best economic development of the land 
a considerable shortage of water must at times be borne. Any pro- 
vision for decreasing this shortage by providing reservoir capacity 
sufficient to hold the water over from a wet year is considered 
impracticable on account of the very high cost of storage. 

A reservoir capacity of 40,000 acre-feet has been assumed as the 
maximum economic storage. 

The table of yearly nm-off available for storage for the last 12 
years shows that there would have been appreciable shortages during 
4 years, amounting, respectively, to 16.7, 29.2, 39.2, and 54.2 per cent. 

A shortage of as much as one-third need not affect the yield mate- 
rially and can be offset largely by increased cultivation of the soil; 
particularly where the water supply is entirely stored and available 
when it can be used to best advantage. 

The large shortage for the present climatic year 1914-15 is by no 
means to be considered as liable to occur as often as once in 12 years. 
The records of the Columbia River at The Dalles, which extend back 
to 1878, show that the low run-off of the present year is probably 
comparable with that occurring in 1899, which is the lowest year of 
record. 

It is therefore beUeved that with a storage of 40,000 acre-feet 
considerable shortages will not occur oftener than an average of 
once in 10 years and serious shortages not oftener than an average 
of once in 25 years. 
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Duty of water. — Water duty is an expression of the ratio betw^een a 
given quantity of water and the area of crop which it will mature. 
The units of measurement of water in common use now are the acre- 
foot and the second-foot. Second-foot is a term used to;express s 
rate of flow of fluids equal to 1 cubic foot per. second of time. The 
miner's inch is also an expression for rate of flow, subject to varying 
interpretations of value. In Oregon the courts have ruled that & 
miner's inch is equal to one-fortieth of a second-foot. One acre-foot 
equals the amount of water that will cover 1 acre of ground 1 
foot in depth, or 43,560 cubic feet. This unit is applied in speaking of 
large volumes, such as reservoir storage, where the cubic foot is too 
small an amount to convey a conception of that volume. 

Probably no one consideration has so much influence in the success 
of a project as the selection of the proper duty of water. On it 
depends the amount of storage necessary, the sizes of the main canal 
and distributaries, and also to a great extent the future productivity 
of the land. Recent investigations have shown that with an abun- 
dant supply of water there is a tendency on the part of the irrigator 
to use more than is necessary,- with the result that the land is fre- 
quently impoverished by leaching out of valuable constituents or 
that it becomes water-logged or alkaline. 

The duty of water for maximum returns depends upon the climate, 
the nature of the soil, the rate of evaporation, the kind and diversi- 
fication of crops grown, and, above all, upon the skill of the irrigator. 

The duty for maximum returns, however, is not always the eco- 
nomic duty, this latter being dependent on cost of storage and dis- 
tribution of water, as well as on the amount of water available. 

It has been shown that the maximum economic storage which can 
be assumed for Ochoco Reservoir is about 40,000 acre-feet. With a 
reservoir of this capacity the average area of the water surface is 
about 575 acres. 

The total evaporation from the reservoir surface will then be 2,300 
acre-feet per year, using the 4-foot depth previously assumed as the 
annual rate of evaporation. The sum of unavoidable losses is then 
as follows : 

Acre-feet. 

Seepage from reservoir 10 per cent 4, 000 

Evaporation 2, 300 

Seepage from main canal ^ 2, 260 

Seepage and absorption in lateral system * 2, 800 

Total 11,360 

The net amount remaining for appUcation on the land is then 
40,000 acre-feet minus 11,360 acre-feet, or 28,640 acre-feet. The 
gross area of 17,700 acres consists of about 12,300 acres of bench 



> See " Evaporation and seepage losses." 
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land which will require full water rights and 5,400 acres of bottom 
lands requiring partial water rights, which, as previously estimated^ 
are equivalent to 3,200 acres having full water rights. 

There is therefore available from this water supply i o oao 4- ^ 2on ^ 

1.85 acre-feet per acre of irrigable land, dehvered to 40-acre tracts. 

In the paper ''Duty of Water Investigations" by Don H. Barky 
engineer in charge of irrigation investigations for the Department of 
Agriculture, appearing in the 1913-14 biennial report of the State 
engineer of Idaho, the results are given of some very extended and 
careful observations covering a period of 4 years, 1910-1913, inclusive, 
on 529 individual tracts in the Snake River Valley at elevations of 
from 2,114 to 4,950 feet. 

As this report is not readily available, some of the results of the 
investigations are given here: 

Summary of depths of watery applied by rnonths to 171 fields of grain and alfalfa on medium 
clay and sandy loam soils {Bark). 



[Altitudes ranging from 2,400 to 5,000 feet. 


Seasons of 1910, 


1911, 1912, and 1913.] 




Season. 


Niun- 
berof 
plots. 


April. 


May. 


June. 


July. 


August. 


Sep- 
tember 
1-15. 


Total 

for 
season. 


1-15. 


lfr-30. 


119 fields of grain: 

1910...... ^.. 


31 
30 
25 
33 






0.3210 
.0270 


0.6000 
.6540 
.9420 
.5434 


0.5460 
.4780 
.6550 
.5941 


0.0780 
.0100 
.0460 
.2268 




1.5450 


1911 






1.1600 


1912 






1.6430 


1913 




0.0392 


.2062 


1.6097 






Avwage 




.0098 
.66 


.1385 
9.28 


.6849 
45.91 


.5683 
38.10 


.0902 
6.05 




1. 4917 


Per cent of total 






100.00 




15 
13 
11 
13 






52 fields of alfalfa: 

1910 


0.0600 


.0210 
.0350 


.5540 
.4930 
.4910 
.8627 


.7390 
.2930 
.5030 
.2284 


.6530 
.9130 
.6210 
.7422 


.6070 
.6970 
.6060 
.3854 


0.0650 
.2480 
.0380 
.0175 


2.6990 


1911 


2.6790 


1912 


2.2610 


1913 






2 2362 










Average 


.0150 
.61 


.0140 
.67 


.6002 
24.31 


.4408 
17.86 


.7323 
29.66 


.5744 
23.26 


.0921 
3.73 


2.4688 


Per cent of total 




100.00 









Surrmuiry of depths of water in feet ^ applied by months to 171 selected fields of grain and 
alfalfa on medium clay and sandy loam soils {Bark). 



[Altitudes ranging from 2,400 to 5,000 feet. 


Seasons of 1910, 


1911, 1912, and 1913.] 




Crop. 


Season. 


Num- 
ber of 
plots. 


April. 


May. 


June. 


July. 


August. 


Sep- 
tember 
1-15. 


Total 

for 

season. 


1-16. 


16-30. 


AlWla 


1910 
1910 
1911 
1911 
1912 
1912 
1913 
1913 


16 
31 
13 
30 
11 
25 
13 
33 


0.0600 


0.0210 


0.6540 
.3210 
.4930 
.0270 
.4910 


0.7390 
.6000 
.2930 
.6540 
.5030 
.0420 
.2284 
.6434 


0.6630 
.6460 
.9130 
.4780 
.6210 
.6650 
.7422 
.6941 


0.6070 
.0780 
.6970 
.0100 
.6080 
.0460 
.3854 
.2268 


0.0650 
'".2480' 

".'osso' 

'*.'6i75* 


2.6990 
1 5450 


Qwfe : •; 


^IfiUfa 




.0350 


2.6790 
1 1690 


?{?ln 


Alfalfa 






2.2610 


Orain... 






1.6430 


^^^}^— '.'::::.".". 






.8627 
.2062 


2 2362 


Grain ^\\\ 




.0392 


1.6097 


p Average 


.0075 
.38 


.0119 
.60 


.3693 
18.66 


.6628 
28.42 


.6504 
32.86 


.3323 
16.78 


.0460 
2.32 


1.9802 


fwoentof total 






100.00 
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Table shovnng comparaHve areas devaied to different crops (Bark). 



District. 



Year. 



Hay and pasture. 



Areo 
acres. 



Percent 
of total. 



Grain, potatoes, and 
ordiard. 



Area 
acres. 



Percent 
of total. 



Total 
acres. 



Twin Falls South side project . . 
Twin Falls Soutli Side project.. 

Seven Boise Valley projects 

Six Bois? Valley proiecu 



Total 

Per cent of total.. 



1912 
1913 
1911 
1912 



70,043 

67,115 

126,253 

24,492 



47.56 

44.95 

» 59.76 

67.90 



77,266 
82,196 
17,684 
17,804 



52.45 
55.05 
40.25 
42.10 



147,301 

149, 3i: 
43,^ 
42,296 



187,903 



49.08 



194,950 



50.92 



382, S& 



1 This area and percentage was somewhat above normal on account of the comparatively large amoun: 
of bottom land that was seeded to pasture under some of these canais. 

Some extracts from Bark's summarization are as follows: 

The duty of water depends upon a variety of factors which are, in the apparent 
order of their importance: Character of soil and subsoil, fertility of soil, climatic 
conditions, diversification of farm crops, use of rotation, preparation of the land, kind 
of crop, fall plowing, and other factors of lesser importance. 

The following factors and conditions tend to decrease the duty: Porous soil, infer- 
tile soil, cheap water, careless use, poorly prepared land, small Irrigation heads, 
poorly constructed, leaky ditches, continuous flow method of delivery, lack of culti- 
vation, large acreages of alfalfa and pasture, and other crops with large water require- 
ments. 

The following factors and conditions tend to increase the duty: Deep soil of fine 
texture, an underlying stratum of hardpan, expensive water, careful, skillful use, well 
leveled land, large irrigation heads, short runs, use ot rotation systems, diversification 
of crops, well constructed irrigation systems with small transmission losses, tall plow- 
ing and intensive surface cultivation, latge acreages of winter grain, cultivated crops 
und orchard, and other crops of low water requirements. 

The amount of water required by a project depends upon: The duty of water at 
the land, losses in reservoirs where water is stored, transmission losses from the point 
Of diversion to the land to be irrigated, and the proportion of a project that is ulti- 
mately irrigated. 

Fertile SDils require less wat**r for the production of the same crop than infertile soils. 

A tight, impervious soil that roots can penetrate increases the duty. 

More water is required where porous subsoils exist. 

Gravelly soils should invariably be irrigated by flooding large heads of water short 
distances. 

Cultivated crops, all other things being equal, reqidre less water than uncultivated 
crops as loss from evaporation can be reduced by thorough siuiace cultivation. 

Fall plowing tends to materially increase production and decrease water require- 
ments. 

Grains and cultivated crops in general require less irrigation water than the other 
common crops of south Idaho. 

Winter grains require less water than spring grains. 

The time of application has a decided effect upon the yield of grain. 

Diversification of crops greatly increases the duty. 

Very little water ia required for a project either earlier than May or later than 
August. 

The average length of the irrigation season for alfsdf a for the four years of the investi- 
gation was 97.6 days and 42.5 days for grain. 

The need for water is not constant during the season for projects with diversified 
crops. About 1 per cent of the season's supply is required during April, 18 per cent 
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uring May, 28 per cent during Jtme, 32 per cent during Jidy, 16 per cent during 
.ugust, and about 2,6 per cent during the first half of September, after which there is 
ery little need for water. 

The use of rotation systems and 'large irrigation heads decreases the net amount of 
ater required during the season. 

Normal canal systems, particularly where water is inexpensive, divert far more 
rater than is actually required both early and late in the season. 

The amount of water that will produce the laigest jdeld of a certain crop in a certain 
oil, is not always the economic duty. 

The value of land, the cost of .water, the value of crops produced, and the cost of 
producing them, as well as the amount of water that will produce the largest yield, 
nust all be taken into consideration when determining the economic duty for any 
project. 

Sufficient water for the production of profitable and nearly maximum crops must 
i)e delivered in order that a project may be successful, but a higher duty is justified 
n cases where water is very valuable and land comparatively cheap, than where 
^ater is cheap and the land is valuable. 

The duty for projects planted to diversified crops on the aVerage clay loam soils of 
H)uth Idaho should be sufficient so that 2 acre>feet per acre can be retained on each 
rrigated acre. 

Bark's experiments were carried out on tracts of an average size 
)f 15 acres. ITie distance of the measuring weirs from the tracts 
varied from to 200 yards, and it is therefore considered that the 
duty he recommends be used' for that of watOT deUvered at the 
20-acre tracts of this project. 

In placing the duty at 2 acre-feet per acre, Bark considers that an 
allowance of 0.25 acre-foot per acre should be made for water which 
will be wasted by the farmer during the year. Half of this he assumes 
will be picked up in canals of the lower lands, so that the duty for 
projects planted to diversified crops on average clay loam soils can be 
considered as 2.125 acre-feet per net acre delivered to 20-acre tracta. 

It is not customary to figure water as dehvered to less than 40-acre 
tracts in projects given over to production of grains and forage 
crops. It wiU be necessary then to apply a correction for seepage 
loss in laterals from 40-acre tracts to 20-acre tracts. 

The average length of lateral would be about one-quarter of a mile* 
With 15,500 acres the total length of additional laterals to the 20-acre 
tracts would be approximatdy 100 miles. These laterals would be 
oi about 5 second-feet capacity and the wetted area would be 5 
square feet p«r foot length. Assuming two irrigations of 0.3 feet 
<iepth each during July, 5 second-feet will cover 20 aares in two 15- 
bour periods; The total working time then will be 30 hours, and 
assuming a loss of 1 cubic foot per day per square foot of wetted area 
the seepage will be 76 acre-feet. Absorption loss for preUminary 
wetting of the 100 miles of lateral twice a month, assuming a loss of 
1 cubic foot per square foot of wetted area, would be 64 acre-feet, 
making the total loss for July 140 acre-feet in distributing from the 
40 to the 20 acre tiracts. As 31 per cent of the water is deUvered ia 
8464— 1& i 
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July the seasonal loss would be 140 -^ 0.31 = 452 acre-feet. This wouli 
amount to 452 -5- 15,500 = .03 feet depth on the land for the season. 

While water-right estimates are generally made on the basis of tb 
gross area of a project to which water can be diverted that amount o 
land will not actually be irrigated, as it includes roads, barnyards 
building sites, fence rows, ditches, etc. Bark's investigations in Idah 
included careful surveys of over 16,000 acres of land, for the purpos 
of finding the average amount of waste land. This proved to b 
about 8 per cent. He recommends the assumption of not more than 11 
per cent waste for purposes of estimating. The amount of this wast 
land is always uncertain and very often runs as high as 20 per cent 

If the duty is taken as 2.125 acre-feet per acre of net area at thi 
20-acre tracts, and the waste land at 10 per cent the duty per acre 
gross area would be 1.91 acre-feet at the 20-acre tracts, or 1.94 fee 
at the 40-acre tracts. 

It is considered justifiable to use a comparatively high duty 01 
Ochoco project for the following reasons: (1) The water supply a 
Ochoco Creek is limited; (2) the cost of storage is very high, beiii| 
four or five times as much as the estimated costs for reservoirs al 
present being investigated for other projects; (3) the lands are veil 
fertile and of fine texture; (4) there is every evidence that the subj 
soil is sufficiently compact to prevent excessive loss by percolatioi| 
and has sufficient slope to prevent water logging; (5) it allows the 
development of about the maximum amount of land that can be 
reached economically by gravity canal from Ochoco reservoir. 

It is therefore beUeved that a duty of 1.85 acre-feet per acre of 
gross area delivered to 40-acre tracts will not differ materially fronl 
the economic duty for Ochoco project, as it allows full developmenl 
of the irrigable area. It is only slightly less than the duty derived 
from Bark's experiments, and the difference of .09 of an acre foot pel 
acre is amply justified by conditions stated. 

Water required. — It has been assumed that all water required on 
the lands will be drawn from storage, during the irrigating season, 
as the summer flow is all appropriated by present water users. It has 
been impossible to make any very detailed study of this problenj 
as records of flow are too meager. The method used and the resulti 
obtained, however, are beheved to be reasonably conservative. 

The monthly use of water during the irrigating season, measured 
at the land and expressed in feet of depth, has been assumed as iolhn 
(see Irrigation season) : 



— ; 


May. 


June. 


July. 


August. 


«^- 


Total 

-\ 


Per cent 


16 
0.27 


27 
0.50 


31 
0.67 


0.38 


7 
0.13 


1 


Pepth(feet) 


Lsi 




^ 
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With a net amount of 28,640 acre-feet, applicable at the land, 
he monthly use of water will be: 

[ay ' 4,300 

one 7, 740 

uly 8,870 

LUgust 5,730 

leptember 2, 000 

Total 28,640 

Construction, designs. — ^The following estimates, while founded on 
^od field investigation and careful office computation, are to be 
regarded as of a preliminary nature only, and not to be construed as 
indicative of any estimated costs that may be aimounced by the 
Secretary of the Interior through the pubUc notice required by 
section 4 of the reclamation act of June 17, 1902 (in advance of 
my construction by the Government). 

Attention is called to the fact that the figures given are merely 
the first costs or actual disbursements estimated as necessary to 
build the work. No allowance has been made for interest, discounts, 
or sinking fund. 

Ochoco Dam. — The proposed location of the dam for Ochoco reser- 
voir is about 6 miles east of Prineville where the v^alley narrows to a 
width of a few hundred feet. 

The design provides for maximum storage of 40,000 acre-feet above 
the canal outlet, no allowance haying been made for more than the 
actual yearly requirements. The maximmn elevation of water 
surface or spillway crest for this storage is 3,125 feet and the area 
flooded is approximately 1,000 acres. The elevation of the top of the 
dam is 3,132 or 7 feet above the spillway crest in the reservoir. 

Borings were made on the line shown on plate No. 32 before detail 
topography of the site was made. Later it developed that there 
would be some saving in cost by adopting the center line about 400 or 
500 feet downstream, as a dam located at this point would require 
less material. Classification for cross section of the lower dam site, 
shown on plate No. 35, has been projected from records of borings 
at upper site. 

Holes Nos. 1 and 2 at the dam site show that the depth of sand and 
gravel at those points is not greater than about 10 to 12 feet. 
■Beneath this there is a bed of very compact and impervious clay, from 
34 to 37 feet thick, and underlying the clay at these points is a stratum 
of sand and fine gravel. While this might furnish an outlet for some 
seepage water from the reservoir, it is not considered as a possible 
source of great loss, as the record of Hole No. 6 in the reservoir shows 
a compact and water-tight substratum. 

Holes Nos. 3 and 4 did not run out of the clay, and this strengthens 
tnebehef that the effect of sand and gravel shown by holes Nos. 1 and 
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2 will not be serious. Hole No. 5 indicates that there may be sonj 
difficulty in obtaining good contact between water-tight material ad 
bedrock or canyon walls. i 

Before a dam site is definitdy adopted for construction it will n 
essential that a great many borings be made over the entire regiq 
for several hundred feet on either side of the present line of boring 

From the nature of the foundations it is evident that the onl 
economical type of dam is an earth embankment with a puddle cuj 
off carried through the stratum of sand and gravel to clay or otlie 
impervious material. It is believed that this would oppose a ver 
effective resistance to seepage. , 

The dam designed (PI. No. 35) has an upstream slope of 3 to | 
covered with hand-placed riprap 2 feet thick. The downstream 
slope is 2 to 1, covered with a foot of coarse gravel to prevent erosia 
by wind and rain. The upstream part of the embankment is o 
selected loam and clay mixture, grading to coarse gravel on tli| 
downstream face. Seepage water is given an easy outlet away froii 
the cut-off trench, as the material in the bottom is sand and grarel 
Where the surface soil is impervious, drainage of the lower half of tb 
dam will be secured by gravel-filled trenches or draintile. 

Outlet to the main canal is through the tower and conduit a 
shown. The tower is provided with two regulating gates, each d 
which can be operated imder full head. The conduit is placed in « 
trench below the dam foundations and is provided with collars t<| 
prevent the flow of seepage water along its outer surface. 

Probably the most frequent cause of failure of earth embankments 
has been lack of sufficient spillway and resultant overtopping of the 
dam by flood waters. The assumption of possible maximum flood 
conditions for Ochoco Creek has been made from the following 
records of flood flows of various streams in the State, obtained froHi 
the United States Greological Survey: 



stream. 



Bully Creek 

Powder Blver 

North Fork of Malheur River.. 

-Bttvies River 

South Fork of John Day River 
John Day River at Day ville . . . 

Crooked Kiver 

Ghewauoan Rivw 

Deep Creek, Warner Valley. . . 
Oehoeo Creek 



' ' 


Maxi- 


Second- 


Area. 


mum 
fljod 


feet per 
square 




flow. 


mile. 


Sq.miU*. 


Sec.-ft. 




585 


6,240 


10.7 


230 


11,820 


7.9 


436 


5,910 


13.5 


510 


2,330 


4.6 


600 


2,390 


4.0 


1,000 


3,090 


3.1 


1,890 


9,080 


4.6 


272 


4,090 


14.7 


260 


4,950 


19.0 


300 


11,500 


5.0 



I 
of^d.!^^" 



Years. 

9 ' 1910 

ui m 

4' 1910 

9 I 1«H 

6 ' 1910 

« m« 

6 1910 

9 1901 

5 1910 

8 1909 



1 Approximate. 



Occasional cloudbiu^ts on some of the smaller streams have prob- 
ably caused greater discharges for short periods of time, but as « 
rule these would have very little effect on a reservoir of any size 
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lie flood of Willow Creek, Morrow County, in 1903, commonly spoken 
f as the *' Heppner disaster," caused an estimated nm-oflP of more than 
00 second-feet per square mile of drainage area. This continued ieaa 
hah an hour, and the stream returned to normal within a few hours. 
Such a flood entering Ochoco Reservoir would raise the water in 
he reservoir about 1 foot, and the resulting flow over this spillway 
vould not exceed 1,000 second-feet, or a little more than 3 second- 
'eet per sqtiare mile of drainage area. 

The spillway crest for Ochoco Dam is at elevation 3125.0 and has a 
length of 300 feet. This allows a discharge of about 10,000 second- 
feet of water with 4-foot head over the crest, which is nearly 10 
times the maximum recorded mean daily discharge at this point and 
about 7 tiroes the estimated peak flow, or equivalent to a run-off 
of 33 second-feet per square mile of drainage area. This is con- 
siderably more than the maximum recorded flow in eastern Oregon, 
that of Deep Creek, Warner Valley, which came from a drainage area 
of much greater altitude, having a yearly run-off 2 or 3 times as great 
as that of Ochoco Creek. 

With 7 feet of water over the crest of the spillway, or with water 
surface just at the top of iihe dam, the discharge would be about 24,000 
second-feet, or about 80 second-feet per square mile of drainage area. 
The spillway chaimel has been designed for a capacity of 24,000. 
second-feet from the intake to the point where the channel curves 
toward the oreek. (See Plate No. 35.) From this point on the chan- 
nel has a capacity of 10,000 seoond-feet. In case a flood greater than 
10,000 second-feet should ever occur, it would not in any way endanger 
the dam itself, and any damage to the spillway chute and main canal 
flume at this point could be repaired at comparatively little expense. 
At times of maximum water in the reservoir, bordering lands will 
be more or less affected by raising of the ground water plane. It has 
therefore been assumed that 100 acres above the normal high water 
will be reqiured, or a total of 1,100 acres. Allowance has also been 
made for depreciation in value of grazing lands adjacent to farms in 
the flooded area. 

Distributing system. — ^The capacity of the main canal at diversion 
is about 180 second feet. The flrst reduction in size occurs within 
1 J miles of the dam, at which point about 15 per cent of the water is 
^ii^nied out to irrigate bottom lands east and south of Prineville. 

'Hie main canal system is de»gned for a duty of 1 second-foot to 
108 acres at the land. (See Plate No. 31 for location.) 

It is proposed to line the first S.95 miles of caiial with doncrete 3 
mches thick, and from this point on it will be of earth throughout. 

Typical canal Sections with capacities are shown oft Plates Nos. 
3^ aad 37. Classification of tnaterifills ill excavation was made ft*om 
^^w^ exftHunation only, the canal sections being eompar«tively 
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Estimated coats (17,700 acres gross), 

„ .„ OCHOCO DAM. 

Spillway: 

Rock excavation, ^ 30,000 cubic yards, at $1 $30, 000 

Earth excavation, 16,400 cubic yards, at $0.40 6, 560 

Cut-off exeavation, 800 cubic yards at $0.50 400 

Concrete on bottom, 1,340 cubic yards, at $8 10, 720 

Concrete sides and weir, 570 cubic yards, at $10 5, 700 

Concrete cut-off, 165 cubic yards, at $8 1,320 

Steel reinforcing, 25,000 pounds, at $0.06 1, 500 

Embankment: . $56,200 

EarthfiU, 509,000 cubic yards, at $0.50 1 254,500 

Rock from spillway placed in dam, 23,700 cubic yards, at $0.25 . 5, 920 
Rock from spillway placed for riprap, 16,300 cubic yards, at 

$0.50 8,150 

Earth from spillway placed in dam, 16,400 cubic yards, at $0.20. 3, 280 

Cut-off excavation, 14,400 cubic yards, at $0.50 7, 200 

Outlet tower and conduit: 279,050 

Concrete, 460 cubic yards, at $12 5, 520 

Concrete, 36 cubic yards, at $10 360 

Concrete, 45 cubic yards, at $8 360 

Steel reinforcing, 26,000 pounds at $0.06 1, 560 

Excavation, 600 cubic yards, at $1 600 

Backfill, 100 cubic yards, at $1 100 

Gates in place, 2, at $750 1,500 

By-pass valves 200 

Bridge 1,000 

11,200 

House for gate keeper 1, 800 

Rebuilding 5i miles of road 5,500 

Temporary diversion 10, 000 

17,300 

363,750 
Engineering and administration, 25 per cent 90, 650 

Total construction 454, 400 

OCHOCO RESERVOIR. 

Reservoir lands to elevation 3,130 or 5 feet higher than spillway 
crest: 

Alfalfa lands acres . . 520 

Cultivated bottom lands do. . . . 230 

Bottom lands not cleared do. . . . 130 

Side hill grazing lands do 220 

Total : 1,100 94,000 

Loss in value to grazing lands adjacent to reservoir, say 6, 000 

Total 100,000 

Purchasing, legal, land lines, and administration 10,000 

Total lands 110,000 

Ochocodam 454,400 

Total reservoir 564,400 

1 80,000 oubio yards solid rook equals about 40,000 oablo yards In danu 
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DI8TRIBUTINO SYSTEM. 

le to mile 1.5: 
Canal excavation (earth, cemented gravel, and looee rock), 

15,840 cubic yards, at $0.75 $11, 880 

Concrete lining, 1,420 cubic yards, at $8 11, 360 

2 main canal turnouts, at $75 150 

Waste way, measuring device, and flume over spillway chute. . 600 

Pipe lateral across creek, etc -. 445 



ile 1.5 to mile 3.3: 

Canal excavation, 13,400 cubic yards, at $0.20. 2,680 

Concrete lining 1,745 cubic yards, at $8 13, 960 

Lateral excavation, 15,510 cubic yards, at $0.15 2, 330 

15-inch pipe laid and back filled, 2,500 feet, at $0.53 1, 324 

5 main canal turnouts, at $75 375 

39 lateral turnouts, at $20 780 

20 lateral drops and turnouts combined, at $30 600 

31 2-foot drops, at $25 775 

1 30-foot drop 100 

1 pix)e edphon under Ochoco Creek 100 

file 3.3 to mile 5.3: 

Canal excavation, 14,620 cubic yards, at $0.20 2, 924 

Concrete lining, 1,923 cubic yards, at $8 15, 384 

Lateral excavation, 2,900 cubic yards, at $0.15 440 

4 main canal turnouts, at $75 300 

14-inch pipe laid and back filled 300 feet, at $0.47 140 

2 lateral turnouts, at $20 40 

12 lateral drops and turnouts combined, at $30 360 

48 2-foot drops, at $25 1,200 

Mile 5.3 to mile 7: 

Canal excavation, 12,000 cubic yards, at $0.20 2, 400 

Concrete lining, 1,610 cubic yards, at $8 12, 880 

Lateral excavation, 15,740 cubic yards, at $0.15 2, 365 

14-inch pipe laid and back filled, 6,300 feet, at $0.47 2, 960 

4 main canal turnouts, at $75 300 

47 lateral turnouts, at $20 940 

6 lateral drops and turnouts combined, at $30 180 

25 2-foot drops, at $25 625 

130-foot drop 100 

1 siphon 600 

Mile 7 to mile 8.25: 
Canal excavation — 

Cemented gravel, 830 cubic yards, at $1.25 1, 038 

Earth, 7,470 cubic yards, at $0.20 1,494 

Concrete lining, 1,156 cubic yards, at $8 . . i 9, 248 

lateral excavation, 2,150 cubic yards, at $0.15 323 

14-inch pipe laid and back filled, 1,400 feet, at $0.47 658 

15-inch pipe laid and back filled, 1,500 feet, at $0.53 795 

4 main canal turnouts, at $60 240 

3 lateral turnouts, at $20 160 

4 lateral drops and turnouts combined, at $30 120 

11 2-foot drops, at $25 275 



$24,435 



23,024 



20,788 



23,350 



14,351 
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Mile 8.25 to mile 8.95: 
Canal excavation — 

Cemented gravel, 840 cubic yards, at $1.25 H, 050 

Earth, 3,360 cubic yards, at 10.20 672 

Concrete lining, 620 cubic yards, at $8 4, 960 

Lateral excavation, 4,695 cubic yards, at $0.15 705 

12-inch pipe laid and backfilled, 1,600 feet, at 10.37 592 

14-inch pipe laid and backfilled , 1,400 feet, at $0.47 658 

2 main canal turnouts, at $60 120 

10 lateral turnouts, at $20 200 

14 lateral drops and turnouts combined, at $30 420 

31 2-foot drops, at $25 775 

Mile 8.95 to mile 10: 

Canal excavation, 8,350 cubic yards, at $0.20 1, 670 

Lateral excavation, 13,820 cubic yards, at $0.15 2, 072 

15-inch pipe laid and backfiUed, 500 feet, at $0.53 265 

14-inch pipe laid and backfilled, 1,200 feet, at $0.47 563 

4 main canal turnouts, at $75 300 

35 lateral turnouts, at $20 700 

11 lateral drops and turnouts combined, at $30 330 

48 2-foot drops, at $25 1, 200 

1 30-foot drop 100 

Mile 10 to mile 11.12: 

Canal excavation, 8,220 cubic yards, at $0.20 1, 640 

Lateral excavation, 2,600 cubic yards, at $0.15 390 

3 main canal turnoutig, at $75 225 

12 lateral drops and turnouts combined, at $30 360 

39 2-foot drops, at $25 975 

1 culvert 100 

McKay Creek grade crossing 

Mile 11.12 to mile 13.12: 
Canal excavation — 

Cemented gravel, 2,936 cubic yards, at $1.25 3, 670 

Earth, 11,744 cubic yards, at $0.20 2,350 

6 main canal turnouts, at $75 450 

Mile 13.12 to mUe 13.83: 
Canal excavation — 

Cemented gravel, 1,000 cubic yards, at $1.25. 1, 250 

Earth, 4,000 cubic yards, at $0.20 800 

Lateral excavation, 530 cubic yards, at $0.15 80 

14-inch pipe laid and backfilled, 1,800 feet> at $0.47 845 

15-inch pipe laid and backfilled, 900 feet, at $0.53 480 

2 main canal turnouts, at $75 150 

2 lateral turnouts, at $20 40 

2 lateral drops and tumoutcr combined, at $30 60 

9 2-foot drops, at $25 226 



6,470 



3,930 
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file 13.83 to mile 15.20: 
Canal excavati<Hi — 

Cemented gravel, 1,336 cubic yards, at $1.26 |1, 680 

Earth, 5,350 cubic yards, at 10.20 1, 070 

Lateral excavation, 8,540 cubic yards, at |0.15 1, 280 

12-inch pipe laid and back filled, 400 feet, at |0.37 160 

14-inch pipe laid and back filled, 200 feet, at $0.47 95 

3 main canal turnouts, at $75 226 

I91ateial turnouts, at$20 380 

24 lateral drops and turnouts combined, at $30 720 

56 2-foot drops, at $25 1,400 



Mile 15.20 to mile 15.74: 

Canal excavation, 2,500 cubic yards, at $0.20 500 

15-inch pipe laid and back filled, 4,800 feet, at $0.59 2, 640 

2 main canal turnouts, at $60 1^ 

3 lateral turnouts, at $20 60 

Mile 15.74 to mile 16.80: 

Canal excavation, 4,650 cubic yards, at $0.20 930 

Lateral excavation, 730 cubic yards, at $0.15 110 

15-inch pipe laid and back filled, 1,800 feet, at $0.63..-.. 966 

3 main canal turnouts, at $60 180 

1 lateral turnout, at $20 20 

3 lateral turnouts and drops combined, at $30 90 

23 2.foot drops, at $26 576 

Mile 16.80 to mile 17.45: 

Canal excavation, 2,300 cubic yards, at $0.20 460 

. Lateral excavation, 5,200 cubic yards, at $0.15 780 

15-inch pipe laid and back filled, 2,000 feet, at$0.53 1,060 

2main canal turnouts, at $60. 120 

11 lateral turnouts, at $20 220 

15 lateral drops and turnouts combined, at $30 450 

32 2-foot drops, at $25 800 

1 20-foot drop 80 

Mile 17.45 to mile 18: 

Canal excavation, 1,800 cubic yards, at$0.20 300 

Lateral excavation, 500 cubic yards, at$0.16 75 

15-inch pipe laid and back filled, 600 feet, at $0.53 320 

2 main canal turnouts, at $60 120 

1 lateral turnout, at $20 20 

3 lateral drop and turnouts combined, at $30 90 

13 2-foot drops, at $26 326 

Mile 18 to mile 19.57: 

Caaal excaval^t^n, 3,060 cuMe yards, at $0.20 610 

lAt«n^ex«nniticai,7,730^cmbicyd*dfi,at$0.15..... M60 

14-inch pip© laid and biack filled, 2,600 feet, at $0.47 1, 226^ 

15-inch pipe laid and back filled, l,800feet, at$0.53.. 950 

6 main canal turnouts, at $60 300 

Hl^feta! ttEffiouts; at $20 220 

39 la«»ttl«i^^t9&itd dio^s <s^fi(i)^in^, &«$30......... aiO 

V3*a4d»t<ko^j.«t|28»............ 1,825' 



#7,000 



3,220 



2,860 



3,970 



1,310 



7,100 
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MUe 19.57 to mile 21: 

Canal excavation, 1,950 cubic yards, at $0.20 $390 

Lateral excavation at 240 yards, at $0.15 40 

14-inch pipe laid and backfiUed, 1,000 feet, at $0.47 470 

15-inch pipe laid and backfiUed, 600 feet, at $0.53 320 

6 main canal turnouts, at $40 240 

2 lateral turnouts, at $20 40 

2 lateral drops and turnouts combined, at $30 60 

liile 21 to end of distributaries: 

Lateral excavation, 3,200 cubic yards, at $0.15 480 

12-inch pipe laid and backfOled, 1,000 linear feet, at $0.37 370 

14-inch pipe laid and backfilled, 3,300 feet, at $0.47 1, 550 

15-inch pipe laid and backfilled, 1,500 feet, at $0.53 800 

10 lateral turnouts, at $20 200 

8 lateral drops and turnouts combined, at $30 240 

16 2-foot drops, at $25 400 

20 small inlets, at $20 400 

20 bridges, at $60 1, 200 l 

Right of way 5,000 | 

Fence (5 wire), 42 miles, at $125 5,200 

Telephone lines, 16 miles, at $250 4,000 

15, 800 

Engineering and administration, 25 per cent 46, 209 

Total cost of distributaries 231, OOO 

Total estimated cost of irrigating 15,500 acres: 

Storage 564,400 

Canals and distributing system 231, 200 



4,04(1 



Estimated cost per acre, $51.30 795, &)0 

Drainage. — ^The bench lands, by reason of the character and depth 
of soil, good slope, and frequent draws or breaks which afford 
natural drainage, will probably require little artificial drainage at 
any time in the future. It is believed that whatever drainage may 
be required for these lands will be in small areas, such as is usually 
taken care of by the landowner, even where a general system of 
drainage is provided, and no provision is made either in the plans 
or estimates for such drainage. 

Under irrigation at least a part of the bottom lands will undoubtedly 
require drainage (see '* Soils and agricultural survey ")> but as a 
general statement this necessity already exists at the present time. 
The additional irrigation proposed will without doubt increase the 
necessity for drainage, but it it is believed the cost wiU be little if 
any increased as a result, and no estimate for drainage of these lands 
has therefore been included. 

Operation and maintenance. — See discussion of this subject in 
Deschutes project report. The Ochoco project is exceptionally 
compact. As the storage dam acts also as the diversion dam, the 
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*oject is relieved of the operation and midntenance of a diversion 
id head gates. The main canal from the reservoir begins to serve 
nd almost at once, eliminating the necessity of maintaining a long 
inal between either reservoir or diversion and lands irrigated. 
tiis main canal is planned to be concrete lined for a considerable 
stance and all structures are designed to be of concrete. It is be- 
dved, therefore, that the operation and maintenance cost for the 
reject will be as low as that for any of the projects now being 
perated by the Reclamation Service. 

By reference to the operation and maintenance cost table for 
teclamation Service projects in 1912, page 140 of Deschutes project 
eport, it is seen that the cost of operation and upkeep, or mainte- 
lance exclusive of supplemental construction, for the smaller projects 
3 as low as 26 cents per acre for the Leasburg unit of the Rio Grande 
project, running up to as high as $1.27 per acre for the Okanogan 
iroject. 

Probably 60 to 75 cents per acre would be a fair estimate of the cost 
►f operation and maintenance, including small supplemental construc- 
ion from time to time, such as lining occasional laterals, constiiicting 
i drainage ditch, relocating a turnout, etc. It was shown in the 
Deschutes project report that the mean cost of operation and main- 
tenance, including supplemental construction for Reclamation 
Service projects in 1912, was $1.27 per acre. If this could be re- 
duced to not more than 75 cents per acre, the value of the saving 
capitalized at 6 per cent would represent an equivalent sum of 
more than $8 in the acre cost of the project. On this basis, if the 
construction cost for the Ochoco project were the same as that of 
some other for which the operation and maintenance cost were 50 
cents an acre per annum higher, the Ochoco project would in eflFect 
be a little over $8 the cheaper of the two. 

ALTERNATIVE SMALLER PROJECT (12,300 ACRES). 

In the event that the owners of bottom lands should not care to 
come under the project, there would still be about 12,300 acres of 
irrigable lands which could be developed. 

An estimate has been made on this basis, using the same assump- 
tions as to duty of water and losses as in the previous estimate and 
^opting the same location. 

The total storage required would be 33,000 acre-feet, to secure 
which it would be necessary to raise the water to elevation 3,118, 
tile top of the dam being at elevation 3,125. 

With the smaller storage required for this project, it is probable 
that serious shortages of water would not occur oftener than an 
average of once in 25 years. 
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EaiiTnated cost of smaller project {12fS€K> Wares). 

DAtf AND HE»ERVOIR. 

SpiUway $56,2« 

Kock from etpillway in dam, 25,800 cubic yards, at $0.25 6, 4ai 

Bock from etpillway for riprap, 14,200 cubic yards, at 10.50 7, 1(H 

Earth from spillway in dam, 16,400 cubic yaMs, at $0.20 3,28B 

Earth fill, 426,600 cubic yaids, at $0.50 213, 3fll 

Cut-off excavation, 12,000 cubic yard*, at$0.60 6,09(1 

Outlet tower and coiiduit 9, OW 

Temporary diversion 9,000 

House for gate keeper 1, 500 

Rebuilding 5 miles road 5, OOO 



316,800 
Engineering and administration, 25 per cent 79, 200 



396,000 

Reservoir lands 90, OOO 

Purchasing, legal, land linee, etc 9, OOO 



Total dam and reservoir 495, 000 

Distributing system. — (12,300 acres alternative.) 

The capacity of the main canal at diversion would be only 135 
second-feet. It is considered that the canal would be lined for the 
first one and one-half miles from the dam, and from that point on 
it would be unlined. 

The cost of distribution, from mile 13.83 to the end, would be the 
same as in the previous estimate, as there is no irrigation of bottoiB 
lands from the main canal between those points. The estimated 
cost of the distributing system is as foUows: 

Mile to mile 1.5 $21,490 

Mile 1.5 to mile 3.3 5,9(W 

Mile 3.3 to mile 5.3 - 6,200 

Mile 5.3 to mile 7 9,550 

Mile 7 to mile 8.25 , 5,780 

Mile 8.25 tp mile 8.95 5,380 

Mile 8.95 to mile 10 3,375 

Mile 10 to mile 11.12 1,750 

McKay Creek grade crossing 750 

Mile 11.12 to mile 13.12 5,780 

Mile 13.12 to mile 13.83 2,815 

Mile 13.83 to end 31,060 

15 bridges, at |40 600 

20 inlets, at $20 m 

Right of way 5^000 

Telephone lines, 16 miles, at $250 4, 000 

Fence (6-wire), 42 miles, at Jl25 .- 5, 200 

Engineering and administration, 25 pefcefit'. 28,770 

Total distributioil 143,800 

T<]^tal reservoir. 455, OW 

Total project ^8,^ 

Estimated cost per acre, 12,300-acre alternative, $51.90. 
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It is evident, then, that the failure of the bottom lands to come 
ider the project will not affect the cost per acre .on the rest. It 
3o justifies the assumption that the equivalent value of the water 
yhts for bottom lands would be 0.6 that for bench lands, or about 
10 per acre. 

The only other alternative scheme for this project is one for using 
le waters of Crooked River, which will be discussed under Crooked 
iver investigations. 

CROOKED RIVER INVESTIGATIONS. 

SCOPE OP INVESTIGATIONS. 

It has been proposed to utilize the flow of Crooked River by pro- 
iding storage in a reservoir above Post to irrigate lands ia the Hay- 
tack Butte and Agency Plains country, and lands now partially irri- 
ated from Ochoco Creek above Prineville, together with bottom 
inds along Crooked River. The possibility of irrigating lands above 
^rineville from the flow of Ochoco Creek is considered elsewhere in 
his report as the Ochoco project, while the possibiUty of irrigating 
ihe lands of the Haystack Butte and Agency Plains country from the 
low of Deschutes Kiver has been considered in the report upon the 
Deschutes project. 

It has further been proposed to utilize the flow of Crooked River by 
providing storage in a reservoir above Post, to regulate the low-water 
flow of the lower Deschutes for the developing of power. The possi- 
bilities of such use have been indicated in the report upon Deschutes 
River published by the United States Geological Survey in cooperation 
with the State of Oregon and issued as Water Supply Paper No. 344. 

Any complete utilization of the flow of Crooked River should pro- 
vide for irrigation of bottom lands along Crooked River to the 
luaximum acreage available. About 3,200 acres of land are now 
irrigated from Crooked River along the bottom. The additiona,l 
areas suitable for irrigation along Crooked River below the reservoir 
site at Post are indeterminate. These lands are scattered pockets 
along the bottom, and would be served by short diversions fron; the 
nver or possibly by pumping. For the purposes of this report a 
i^aximum irrigable area of 5,000 acres has been allowed along the 
Crooked River bottoms, and in all the possible irrigation and power 
uses of the flow of Crooked River herein considered reservoir capacity 
to store sufficient water to irrigate 5,000 acres has been reserved. 

The possible methods of utilizing the flow of Crooked River which 
resulted from the investigations undertaken for this report are as 
follows: 

^irst. The irrigation with water from Crooked River of that region 
lying south of Willow Creek to Crooked River, together with all or 
part of the lands lying around Prineville. This is hereafter referred 
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to as ihe Crooked River-Haystack Butte alternative. See report os 
Deschutes project, page 19. | 

Second. The irrigation with water from Crooked River of landi 
lying around Prineville, hereafter referred to as the Crooked Riva 
Ochoco alternative. 

Third. The regulation of flow of lower Deschutes River for tw 

development of power. i 

FIELD WORK. I 

Storing of the waters of Crooked River in a reservoir above Post 
has long been contemplated for use in irrigating Crooked River boti 
tom lands and those lands lying around and above Prineville, togethd 
with the lands of the Haystack Butte and Agency Plains country m 
also for use in developing power by regulating the low-water flow 08 
the lower Deschutes. See Oregon Cooperative report upon Deschutaj 
project, North imit, and United StatjBs Geological Survey Paper No, 
344, '^Deschutes River and its Utilization." 

A site suitable for reservoir purposes exists at the junction of thi 
north and south forks of Crooked River, about 12 miles east of Fosi 
known as the Post Reservoir site. j 

Topogftaphic surveys. — ^For Crooked River invest'gations there was' 
needed the topography of Post Reservoir site and of Crooked River 1 
Canyon extending from possible points of diversion to Smiths Eoci, 
for canal location, together with topography of irrigable lands about 1 
Prineville and that of the Haystack Butte and Agency Plains coun- 
try. Topography of the Haystack Butte and Agency Plains country | 
was already available from surveys imdertaken for the report upon 
the Deschutes project. (See report Deschutes project. Plates Nos.| 
26, 27, 28, and 30.) Topography of irrigable lands about Prineville 
was obtained in investigating the possibility of irrigating these lands 
from water stored from the flow of Ochoco Creek and referred to 
elsewhere in this report as the Ochoco project. (See Plate No. 27.) 
Topography of the Post Reservoir and dam sites was developed 
from plane table surveys, with horizontal control based upon plane 
table triangulation and vertical control based upon elevation from 
U. S. Geological Survey precise level line through the valley. (See 
Plates Nos. 38 and 49.) 

Topography of Crooked River Canyon from Bear Creek to Prine- 
ville was developed from plane table surveys with magnetic horizon- 
tal control, and vertical control based upon the elevation of the U. S. 
Geological Survey bench mdrk at Prineville. (See Plate No. 27.) 
During the progress of the survey of Crooked River Canyon, it be- 
came apparent that the cost of utilizing water from Crooked River to 
irrigate the Haystack Butte country would be prohibitive, so surveys 
of the canyon from Prineville to Smiths Rock were not imdertaken. 

Topography of possible canal diversion sites on Crooked River bI 
Stearns Dam and Hoffmans Dam was developed from plane table 
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rveys and maps were plotted on scale of 1 inch to 200 feet. (See 
ate No. 39.) 

Test borings. — Diamond drill borings were made at the proposed 
m site for the Post reservoir. The record of borings is as follows: 

Hole No. 1. Surface elevation, 3,468.8 feet. 
>epth in feet. 

0-6. Bowlders and large gravel. 

6-11^. Solid basalt with a few light seams. 

11^16. Same as above with fewer seams. 

16-27 J. Very solid basalt. 

Water loss after reaching rock was all in casing. 
Time, September 16, 1914-September 23, 1914. 

Hole No. 2. Surface elevation 3,508.9 feet. 

0-36. Mostly bowlders with some earth (possibly slide). 

36-46. Bowlders. 

46-52. Basalt — core short and broken. 

52-62J. Basalt solid — core in good lengths. 

62i. Encountered pocket about IJ inches across, 

No water lost at this point. 

62^ to 64. Basalt solid. 
No water loss after rock was struck. 
Time, September 17, 1914r-September 28, 1914. 

Hole No. 3. Surface elevation 3,476.9 feet. 

0-11. Bowlders — a little earth mixed in. 

11-21. Solid basalt with light seams all the way down. 

Water stands at river level all the way down. 
Time, September 24, 1914:-September 29, 1914. 
Test pit, elevation about 3,519 feet. 

A cut was made into the hillside on the north side of the river^ 
about 50 feet above the water surface and about 20 feet upstream 
from the main line of borings. This shows solid rock outcroppings 
bearing a rusty appearance on the surface, but fragments from be- 
neath disclosed the same basaltic formation found in the drill holes. 

Tune, October 6-October 8, 1914. 

WATER RESOURCES. 

Crooked Eiver.-^The headwaters of Crooked River drain from the 
western slope of the Blue Mountains, and from this region by far the 
larger portion of its discharge is derived. The remaining and larger 
portion of the drainage basin consists of low, rolling hills without 
timber, and from it Uttle or no run-oflf is derived except in years of 
exceptional climatic conditions, such that the low country receives a 
heavy snowfall upon frozen ground, followed by a rapid thaw with 
heavy rainfall. Under these circumstances extremely large run-off 
occurs from this portion of the drainage basin. 
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At Prinjeville approximately 70 per cent of the rmiK>ff occiirs duriii( 
three months of the year, and the river just below Prineyille duriij 
Jiily, August, and September generally has no appreciable surfaci 
flow. Near the mouth of the river a large spring inflow, knoivn &i 
Opal Springs, breaks out from the bottom and sides of the canyonl 
The continuous discharge of these springs is not less than 800 second 
feet. 

There are numerous diversions of water from Crooked River and 
its tributaries for irrigating purposes. The total appropriation of 
water, as recorded at the State water office, is several times the 
volume of natural flow of the river at Prineville. The total area for 
which appropriations have been made exceeds 30,000 acres. The 
greater portion of this acreage can never be served, owing not only 
to lack of water but also to the lack of necessary reservoir sites to 
store and utilize the waters of the spring floods. 

Deschutes River. — By local custom the Deschutes River drainage 
basin is divided into three sections — upper Deschutes River Basini 
being that above the mouth of Crooked River; Crooked River Basin; 
and Deschutes River Basin proper, or lower Deschutes River Basin, 
as it is termed farther north. 

A description of upper Deschutes River was given in Deschutes 
project report, Oregon cooperative work. 

An extremely interesting description of both the upper Deschuks 
River and Crooked River region is found in ''Geology and Water 
Resources of Central Oregon, '' by Israel C. Russell, 1905. This 
report by Professor Russell refers more particularly to the geology 
of the region, but is in his usual entertaining and instructive 
style. The entire Deschutes River from Benham Falls to its mouth 
is treated in considerable detail in U. S. Geological Survey Water- 
Supply Paper No.3M, '^Daschutes River, Oregon, and its Utilization.'' 

This latter report is with spacial reference to power development 
possibiUties on Deschutes River. Writing of the upper Deschutes 
and Crooked River regions, Russell says: 

After the broad, ancient valley of the Deschutes had been filled to a depth in excess 
of 700 feet with' loose stream-deposited d6bris, consisting mostly of black volcanic 
fiand and gravel, and this material covered by the widely extended sheet of basalt 
jiQW forming the surface of the major portion of the Deschutes plain, the rivers dis- 
placed from their former courses flowed across the young lava plain and excavated 
canyons in it, which, in the case of Deschutes and Crooked Rivers, are a mile wid6 
and over 800 feet deep. Next came a flow of molten basaltic rock, which entered tiie 
canyons and filled them to a depth of over 550 feet for many mQea. Subsequently 
the same streams, again displaced but still confined to their former but deeply filled 
canyons, resumed their work of erosion and cut, in solid basalt, the inner canyon 
described above. In the portion of the canyon examined the task of cutting through 
this layer is as yet incomplete, and the rivers flow swiftly over solid, compact basalt. 

It seems probable that the present lower Deschutes River canyon 
has been eroded entirely in these later basaltic flows, and particu- 
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rly in the great lava flow, sometimes referred to as the Colimibia 
iver basalt or lava flow. 

The Deschutes canyon, from some distance above the mouth of 
rooked River to Columbia River, is practically continuous, the first 
rtv hundred feet above the river being frequently almost vertical 
alls, back of which the slopes extend in successive rims or terraces 
3 a height of 1,000 to 1,500 feet. 

There are now two raUroad lines up the canyon. One of these 
ines leaves the canyon at Trout Creek and the other at Willow 
>eek, from which points they cHmb to the table land a few miles 
jast of the mouth of Crooked River. Here they join and operate over 
I single track, continuing south to the town of Bend. See Plate No. 34. 
The flow of Deschutes River is one of the most uniform of the 
streams of the United States, not only from month to month but 
dso from year to year. See Deschutes project report, pages 32 to 
J4. Owing to this great regularity in flow, the lower river has long 
been regarded as a valuable power stream. To such an extent was 
this so that at the time the raUroads were building up the canyon 
they were required to so locate their lines as to leave free for future 
water-power development three important power sites on the lower 
Deschutes, generally referred to as the Moody, Reclamation, and 
Sherar Falls sites. 

Above the mouth of Trout Creek there are the Mecca, Pelton, and 
Metolius River sites, imaffected by the railroads. (See U. S. Geo- 
logical Survey Water Supply Paper 344.) 

The following is* a list of gaging stations maintained on Deschutes 
River and tributaries, including Crooked River. The information 
is taken from Bulletin No. 4, office of State engineer, Water Resources 
o{ Oregon, and from unpublished information furnished by Mr. F. E 
Henshaw, district engineer for the Water Resources Branch of the 
l!nited States Geological Survey, with offices in Portland: 

Li^i of United States Creological Survey gaging stations %n upper Deschutes River drainage 

basin J Oregon. 



Ko. 



. Records available for this report. 



Biu Ma'^h Creek near Cres'wi I 

Cres:j«nt Creek near Crefjcpn t 

East Fo-k of Des'ihates River at Morson intake near 
Laoino 

East Vo-k of Des'^hnte"! River near T/ar»fne 

East (ark of Des'^hutes Rtver at Allen's Ranch near Lava 

l^es^hutca River at West's Ranch near Lava 

5«^hute8 River at Benham Falls, near Benl 

pes>hnte^RiveratBen I 

l>es^hntes River at Tumalo r Lai Haw) 

^^wclMitesRIver near Clrne Falls. : 

^Incemptet*. 
8464-15 5 



Apr. 1, 19l2-Sept.30,1914. 
Aiic. 30, 1912-001. 31, 1913. 
July 13, 1914-Sept. 30, 1914, 

May 26, 1914-Nov. 21, 1914. 
Mar. 30. 1915-Apr. 30, 1915. 
Sei.t. 23, 1910-Oct. 31, 1913. t 
Wu 17, lfla> Mar 4, 1912. 
May 27, 1913- Apr. 30, 191.'). 
Jul.' 21, 1906-Fpb. 20, 1909. 
Apr. 2, 1914-Sept. 30, 1914. 
Mar. 30, 1909-Sept. 22, 1913. 
De^. 21, 1901-Nov. 21, 1914. 
Jan. l,1909-O«»t.ir,, 1912. 
Julvl4, 191 l-Ont.l 1,1914. 
Feb. 15, lOlO-Mar. 4, 1911. 
Fob. 19, 19U-M8y 31, 1913. 
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iMt of United States Geological Survey gaging utatums in upper Dee^t^ BSfkr draim^ 

basing Oregon— Continued. 



1^0. 



Records available for this report. 



16 



S8 



Cres'*ent Creek at oatlet of Crescent Lake near Crescent 

Crescent Creek below Col 1 Creek near Crescent 

East Fork of Deschutes River near Crescent 



Deschutes River at Crane Prairie.. 
Desshutes River near Lapine 



Deschutes River near Lava. 



Odell Creek near Crescent. 



Tiimalo Creek near Tumalo 

Tnmalo Creek near Bend 

Canals: 

Ariioll Canal near Bend 

Central Oret;on ranal near Bend 

Pilot Butt.e'>anal near Bend 

North Canal at Bend 

Swalley Canal at Bend 

"NViraop Canal near Tumalo 

Columbia Southern Canal near Tumalo 

Tnmalo Fee.l canal near Bend 

Me'^olius River at Allingham Ranger station, neai 

Bisters. 
Metollus River at Hubbard's Ranch near Grandview. 

Metoli'is Ri v^er at Riggs Ranch, near Sisters 

Lake Creek near Sisters 

Whi "^e wa^er Creek, near G randview 

C -ooke 1 Ri v^er nf ar Post 

Crooked River at HoO man's ranch near Prlne"ille 

Crooked River at Steams' Ranch near Frineville 

: Crookel River at Prineville 

Oohoco Creek at Prineville 



Ochoco Creek at Elliott's ranch near Prineville . 



Squaw Creek near Sisters 

Des'^hutes River at Lava Island near Bend.. 

Deschutes River below Bend ^ 

Deschutes River at Me^ca. 

Dos'^hutes River at Sherar 

Deschutes River near Moro 

Deschutes River at Mooly, near Biggs 

Table I .ani dit/*h near Prineville 

M"Kay Creek near Prineville 

Shitike Creek at Warmspring 

Wa-msnring River near Warmspring 

White R iver near Tygh Valley 

Tygh Creek at Tygh Valley 0. . . , 



Jan. 11, 1911-Apr. 30, 1916. » 
Oct, 4, 1912-Doc. 11, 1913. 
Deo., 1901-Mar. 31, 1908. 
Sept. 26, 1910- Oct. 31, 1013. 
July 22. 1914-Sept. 30, 1914. 
Jan. 1, 1914-Apr. 30, 1915. 
Sept. 22, 1910-Dec. 21, 1910. 
Feb. 1«, 1912-Sept. 12, 1913. 
Oct. 1, 1914-Apr. 30, 1915. 
Feb. 20, 1905-Apr. 29, 1907. 
Apr. 23, 1909-Jan. 21, 1911. 
Oct. 18, 1913-Jan. 9, 1915. 
Jan. 5, 1912-8ept. 30, 1913. 
Apr. 12, 1014-Aug. 12, 1914. » 
May 15, 1906-May 17, 1914.* 
Oct. 6, 1906- Apr. 30, 1915. » 

Apr. 11, 1914-Apr. 30, 1916. 
Mar. 11, 19a5-Apr. 30, 1915. 
Mar. 6, 1905-Apr. 30, 1915. 
June 14, 19ia-Apr. 30, 1915. 
Jul-5, 1913- \pr, 30, 1915. 
June 16, 1906-Apr. 30, 1916. 
May 15, 1906-Apr. .^, 1916. 
May 21, 1914-Apr. 30, 1916. 
Sept. 15, 1910-Oct. 31, 1913. 

Apr. 24, 1910-Dec. 31, 1913. 
Oct. 22, 1908-Oct. 21, 1912. 
Mar. 31, 1911-Oct. 31, 1913. < 
June 2, 1911-Dec. 31, 1913. 
Nov. 9, 190)*-Aug. 31. 1911. 
Jan. 24, 1913-Sept. 30, 1914. 
Nov. 3, 1908-De«. 31, 1912. 
Jim. 11, 1914-Apr. 17, 1914. 
May 14, 1912-July 13, 1912 
De'^. 15, 1913-June 20, 1914. 
Mar. 7, 1915-Apr. 30, 1915. 
Nov. 4, 1908-Apr. 30, 1910. 
Got. 26, 1914-Apr. 30, 1915. 
Jnlv 15, 1906-June 30, 1914. 
Jan. 31, 1915-Apr. 30, 1915. 
Nov. 27, 1914-Apr. 30, 1915. 
June 7, 1911-Apf. 30, 1915. 
Feb. 13, 1912-Sept. 30, 1914. 
Oot.19, 1897-De".31, 1899. 
July 7, 1906-Apr. 30. 1915. 
Feb. 24, I9t5-Apr. .30, 1915. 
Feb. 26, 1915-Mar31, 1915. 
June 11, 1911-Apr. 30, 1915. 
July 29, 1911-Apr. 30, 1915. 
June 18, 1911-Apr. 30, 1915. 
.rnD0 9, 19l1-Oot.31, 1911. 
Mar. 9, 1912-0''t. 15, 1912. 
May 25, 1913-Oct. 31, 1913, 



» Tn<*omnlcte. 

« Re^o-ls du'-ing uonii rioting season kept at Bend Station. 
* Nonirrigating season only until 1914. 
'. ' ' 4 Fragmentary. 

CROOKED RIVER STORAGE. 

VOLUME OF WATER AVAILABLE FOR STORAGE. 

Discharge measurements of Crooked River at Post for three seasons, 
from 1908 to 1911, are available from records of the United States 
Geological Survey. The period is too short to give any assurance that 
the records show extremes in volume of flow or that they indicate the 
correct mean flow. 

Discharge measurements of the river at the Prineville station (see 
plate No. 33) for the seasons from 1908 to 1914 are available, and by 
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jomparisoii' of these records -with records at Post for the period o^ 
[90S to 1011 the probable flow of the river at Post for the seasons 
rom 101 1 to 1914 has been estimated. 

In addition, the records of flow of Crooked River have been com- 
)ared with those of the John Day at McDonald, and from a study of the 
•elative discharges of these rivers the probable flow of Crooked River 
las been estimated for the seasons from 1906 to 1908 and 1914-15. ^ 

The basis of these estimates is as follows: The average monthly 
discharge ot Crooked River at Prineville for the period from 1908 to 
1914 has been compared with the average monthly discharge of John 
Day River at McDonald for the same period. From percentages 
thus obtained the probable monthly flow of Crooked River at Prine- 
ville for the period from 1906 to 1908 has been estimated as a per* 
centage of the recorded monthly flow of John Day River at McDonald 
for the same period. 

The records of flow of Crooked River at Post have been compared 
with those of the river at Prineville, month for month. The flow at 
Post averages 92 per cent of that at Prineville for all months except* 
ing those in which the discharge at Prineville exceeds about 100,000 
acre-feet. During these months the flow of the river at Post averaged 
*0 per -cent of that at Prineville. The probable flow ot the river at 
Post for the periods from 1906 to 1908 and from 1911 to 1914 has beeii 
estimated at the percentages indicated of the estimated and recorded 
monthly flow at Prineville. 

• The relative magnitudes and distributions of flow of Crooked and 
John Day Rivers for the period from 1907 to 1914 are shown on plate 
No. 43. The upper diagram indicates the relative distributions of 
discharges of these streams and tributaries throughout the period, 
expressed as a rate per second, per square mile of drainage area. The 
lower diagram indicates the relative magnitudes of total discharges 
of these streams for the period or portions of period, expressed in 
acre-feet, per square mile of drainage area. 

The total annual flow of Crooked River at Post and Prineville, for 
the seasonal years October to October, 1906-1915, inclusive, is as 
follows: 



Crooked Kiver at Prineville: 

1906-7 

1907-8.. 

1908-9 

1909-10 

; 1910-11 

1911-12 

1912-13 

1913-14 

1914-15 



Acre-feet. 

» 417, 110 

U72,480 
189,000 
375,000 
204,000 
308,000 
2:^8,310 
284, (KX) 

> 136,000 



Crooked River at Post: Acre-feet. 

1906-7 » 343, 460 

1907-^..... » 159,950 

1908-9 175,780 

1909-10 268,000 

1910-11 172,000 

1911-12 » 260,820 

1912-13 1 203, 180 

1913-14 > 237,220 

1914r-15 1 125,000 



258,-000 

1 Estimated. 
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The maximiim departures from the average for the period are, U 
Prineville, -47 per cent and +63 per cent; and for Post, —42 pa 
cent and + 59 per cent. 

The annual flow of John Day River at McDonald; dramage are 
7,800 square miles; John Day River at Dayville, drainage ara 
•1,000 square miles; South Fork of John Day River at Day^viU^ 
drainage area 600 square miles; Crooked River at Prinevillo, drain 
ajge area 1,990 square miles; and Crooked River at Post with drainagi 
are«i of 1,390 square miles, expressed in acre-feet per square mile al 
drainage area for a period of years is as follows: 



1904-5 liX)5-6 1905-7 1907-8 190S^ 1909«10 1910-111911*12 1912-13 1913-14 191M 



John T)av River at Mc- 
\ PQnaId(dralnaeearea 

• T.S0O square ml'^ 

John Day River at T»ay- 

ville (drainage area 

f 1.000 sciuare miles... . . 

South Fork John Day 

Dayville 



120 



18S.2 



269 



129.5 



600 



' Flvw at 

^ (drainage area 

^ SQuare miles) 

CrooiceJ U iver at Prine- 
( viliQ (drainac^e area 

1.990 square miles) 

Crooked River at Post 
^ (1^90 square miles). . , 



1210 
1247.1 



186.8 
« 115. 1 



127 
174 

130 

96.9 
126.4 



192 
209 

188.5 
192.9 



123 

158 

138 

10S.O 
124.4 



309 
378 

282 

155 
1187.6 



226.5 
SMO 

119.5 
140.2 



195 
215 

185 

143 
|»170l« 



18! 



i6ai 

199 



1 Estimated. 
I POST RESERVOIR. 

: ^ Crooked Kiver canyon above Prineville Valley is frequently broken 
hj narrow basins, which here and there broaden out into valleys 
Similar to that of Prineville. None of the basins between Prinevilld 
Valley and North Fork are of a size to provide sufficient capacity 
for reservoir sites. 
' Immediately below the mouth of North Fork the canyon is very 
narrow and at a little over a half mile below the fork provide an 
ideal dam site. (See Plate No. 38.) For a distance of about 8 miles 
above North Fork the valley spreads out to a width of from 1 to 3 
'miles. 

' Dam — Estimates of cost for different types. — Owing to lack of trans- 
portation facilities, the cost of developing storage on Crooked Rive? 
At the present time is largely a question of the cost of construotiug 
<a dam. The site for the dam (see Plate No. 38) lies in a narrow can. 
^on with rock walls, such that a single arch masonry dam may be ad- 
vantageously employed. Storage flow from the reservoir, through a 
^tunnel beneath the dam, will be controlled from a gate tower. Two 
{9ets of sluice gates placed in series will provide means of controlling 
^the volume of discharge. 

^ When the maximum depth of water in the reservoir, acting upon 
^the sluice gates, exceeds 50 feet, the effective depth over each gate 
iwill be reduced to one-half the maximum by means of an automatic 
bypass^ controlled by float valves. 
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The estimated cost of a single arch structure (see Plate No. 40) to 
se the water 131.2 feet and provide a net reservoir capacity of 
3,000 acre feet, is as follows: 

jSvuqU arch tjipe cf dan^^Creat tkvaiion 3^600, 
cavation: 

Loose rock, 16,000 cuMc yardfl, at fl., |16, OOtf 

Solid rock, 4,000 cubic yards, at $1.50 6,000 

isonry: Concrete, 48,000 cubic yttrds, at $11. 26..... 640, OOa 

flerdam and diversion wwks 2, 000 

Outlet, tower, and gates 16. OOO 

Keeper's house and buildings 5, 500 

685,500^ 
igmeering, administiation, and contingencies, 25 per cent 146, 600 

Total 732, OOa 

A multiple arch type of dam may be utilized at this site and at a 
9s cost of construction than that for the single arch tjrpe. Thd 
Jtimated cost of a multiple arch type of dam, to raise the water 
J1.2 feet and provide a net reservoir capacity of 260,000 acre-feet, 

as follows: 

Multiple arch type of dam — Crest elevation^ S,&00. 
ixcavation: 

Loose rock, 6,000 cubic yards, at $1 $6, 000 

Solidrock, 2,500 cubic yards, at $1.50 3,75^ 

fasonry : Reinforced concrete, 25,500 cubic yards, at |19- 484, 50(1 

lofferdam and diversion works - 2,000 

)utWt, tower, and gates 16, OOO 

bipfi^s house and buildings, w. ...w,« ,. 6,600 

516, 750 
Nifitering, administration, and coatixtgonclM, 26 per «e&t... 129, 260 

Total 646,000 

lA&ds.— -There are a number d wdl^eveloped hay and stock 
'xsKbcs in tfatt Post Reservoir basin, A matt amotuit of graixX) mostly 
^f ii ilio grown* The relative area of improved kuads^ however^ 
* imflll. Pait of theee laxule oidy are lierved by ditchea and hav# 
tttteriighte. 

By far the krg^er portioii of the baein is entirdy tmimprered excepl 
^ feneifig. Liuf;a areae of the bottom lands now ahow the effeete 
^ ^«H^ a&d any eoneiderable amount of irrig:ation in the baein, if 
Water were available, would necessitate drainage. These unhn^ 
p^od bottom lands can not therefore be considered so valuable ar 
^npforcd boltom lands along the river. 

Outiide of the botljoms, the lands eondng within the reservob sit^ 
M hill lands, largely rim rock and talus, and often of no value what^ 
^«t. The area of this class of land is laiger than the total of all 
wttses of bottom lands. 

lu estimating the area to be acquired for reservoir site the maximuni' 
Ovation below which all lands must be acquired has been placed at 
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10 feot above the spillway crest. Each entire 40-acre tract which is 
<^ut by this contour is included in the estimated area to be acquired. 

There is a small amount of unpatented land within the reservoir 
site to which no value has been attached in the estimates, on the 
assumption that it can be acquired from the United States without 
cost under the land laws governing reservoir sites. 

Following is the estimated cost of lands to be acquired for reservoir, 
with spillway crest at elevation 3,600 feet: 

1, 100 acres improved bottom lands, at |60 $66, OOO 

400 acres improved bottom lands, at $35 14,000 

2,400 acres unimproved bottom lands, at $20 48,000 

8, 780 acres unimproved hill land» at $5 18, 906 

1, 720 acres unpatented land, at $0 ....•.* * . . . 



9, 400 acres 146, 9O0 



Legal services, land lines, administration, etc. 



Say 



150,000 
15, GOO 



Total 165,000 

The lands necessary to be acquired for reservoir, with spillway at 
elevation 3,565 feet, are as follows: 

i,000 acres improved bottom lands, at $60 $60,000 

* 400 acres improved bottom lands, at $35... 1 14,000 

i, 250 acres unimproved bottom lands, at $20 , .. 45,000 

t, 300 acres unimproved hill land, at $5 11, 500 

1,250 acres unpatented land, at$0 ;; 



t, 200 acres • • 130,500 

Say 130,000 

L^;al services, land lines, administratioii, etc ; ; , -.........* l£i. 000 

Total , 145,000 

: Beservoir costs for varying capacities.-^For a reservoir with a 
a capacity of 260,000 acre feet, the purchase of 9,400 acres of land 
will be necessary at the estimated cost of $165,000. The resulting 
tetimated reservoir cost for a capacity of 260,000 acre feet with a 
single-arch type of dam is $897,000, at $3.44 per acre-foot of capacity, 
tod for a miiltiple-arch type $812,000, at $3.12 per acre-foot capacity. 
( From a study of costs of structures of various heights and their 
telative reservoir capacities and areas, the following table of reservoir, 
costs per unit of capacity has been prepared: 





Cost per acre-foot 
of capacity. 


Reservoir (capacity acre-foot). 


Cost per acre-foot 
of capacity. 


^eseKvoJr (capacity acre-foot). 


Single- 
arch 
type. 


Multlple- 
arrh. 
type. 


SiTiple- 
aruh 
type. 


Multiple, 
type. -. 


^.000 


- 13.50 
3.43 
3.48 
3.«3 
3.74 


S3. 19 
3.10 
3.17 
3.33 
3.46 


150,000. 


13.85 
4.08 
4.5S 
6.P0 
8.50 


S3 flO' 


«70.000 


120,000 


■ 3.90 


240.000 


90,000 


' 4 37' 


tlO.000 


60.000 


5 50 


180,000... 


35.000....: 


8.00 


' r 
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POST RESERVOIR DAM SITE, LOOKING DOWNSTREAM; SHOWING DIAMOND DRILL. 
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Type adopted. — A dam at Post reservoir site will be subject to the 
jtion of ice pressure. The effect of ice, freezing in the groin of a 
ultiple-arch dam, is uncertain. As there is no known existing 
raniple of a high multiple-arch type of dam for reservoir purposes, 
Gated in a climate where heavy ice is formed, all estimates of reservoir 
id storage costs for the several developments considered in this 
jport will be based upon the cost of single-arch type of dam. 
Future development of transportation facilities in Crooked River 
asin will materially lessen the cost of constructing the dam. How- 
ver, improvements in the valley due to resulting colonization will 
end to counterbalance this decreased cost of construction by increas- 
ig the value of lands within the reservoir site. 
Evaporation. — Losses of water from Post reservoir by evaporation 
Ave been assumed to be equivalent to a depth over reservoir surr- 
ace of 4 feet per annum, distributed as follows: 

August 0. 70 

September 50 

October 20 

November 10 



anuary 0. 00 

'ebruary 10 

larch 30 

ipril ^ 50 

lay 50 

une 50 

iuly 60 



December • 00 



Annual 4. 00 



For discussion of evaporation see Deschutes project report, 
page 65. 

Seepage. — Seepage losses of water from the reservoir at Post will 
be assumed at 15 per cent of reservoir capacity. Seepage return to 
the river will bo assumed to be above the point of canal diversion- 
and to be equivalent to these losses. Its distribution throughout 
the year will be considered as constant. For discussion of this sub- 
ject see Deschutes project report. 

IRRIGATION. 

DUTY OP WATER. 

The monthly diversion requirements of water per acre, assumed 
Norlands of the north; unit of the Deschutes project, expressed in 
acre-feet (see report D^chutes project, p. 87), are as follows: 



% 0.405 

^^e 675 

% 81 

|ugU8t ^ .54 



September 0. 27 

Nonirrigating season 50' 

Annual 3.20 



The monthly diversion requirements of water per acre, assumed 

*^^ lands of the Ochoco project, considered elsewhere in this report, 

expressed m acre-feet, are as follows: 

^^y............... 0.32 September...... 0.15 

^^e ..:... .58 

My ^^ 07 . Annual - 2.17 
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The length of diversion canals required to serve the above lands in 
the developments here considered is somewhat greater than that 
required for the projects for which the above assumptions were mack 
However, the additional water required to cover canal seepage losses 
will for the purposes of this report be negligible, and diversion duties 
of water as above will be assumed for lands of the Crooked River* 
Haystack Butte alternative and the Crooked River-Ochoco alter* 
native. 

For bottom lands along Crooked River a diversion duty of water 
equal to that assumed for the Ochoco project will be used. 

CROOKED RIVEB-HAYSTACK BUTTE ALTEBNATIVE. 

A project to irrigate all of the lands lying south of Willow Creek 
and west of Haystack Butte to Crocked River on the south and 
Deschutes River on the west may be developed either by building & 
low^line canal to reach these lands at the least cost and incideixtidly 
serving such lands around PrineviUe as lie below this canal^ or by a 
high-line canal serving the Haystack Butte country, together with 
the major portion of the lands around PrineviUe. Appiroxiinately 
46,000 acres of land in the Haystack Butte country will be aervieKl by 
either canal, while the low line will serve about 9,000 acres and- the 
high line about 15,000 acres of land around PrineviUe. The total 
areas served by the low-line canal wiU be 55,000 acres, and by tiie 
high ^ne, 61,000 acres. 

Reservoir capacity is provided for storage water sufficient to irri- 
gate bQtU the lands served by the main canal for either altem&tive 
of this project, and 5,000 acres of bottom lands along Crooked Kver. 
These lands wiU not be eerved f rom the main canal. 

low-line canal development. — ^The total assumed diversioiii require- 
ment for the low-line development, expressed in acre-feet, is as 
follows: 



trtt« 



About 

Prbievflle 

0- 



Ci^ektd 
Rhrer bot- 
tom land* 
(5.O0O 



Ji]ii6...'.'7!r.' 

8eptemb«r... 
KoDirrigating 

Annual. 



31,000 
37^300 
24,800 
12;4flD 
23,000 



5,210 
0,080 
4,050 
1,350 






lis 



147,00 



idyfiao 



10,8S» 



The assumed annual diversion requirement for the low-line canal 
development of the Crooked River-Haystack Butte alternative is 
177,570 acre^feet. Suftcient storage to supply this assumed divarsioa 
requirement, on the basis of a 26 per cent deficiency during oii# 
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ison in ten, wijl be provided in a reservoir at Post. A reservoir 
bh a capacity of 150,000 acre-feet at Post, during the period from 
)6 to 1915, would have provided storage sufficient to supply the 
^ire assumed diversion requirement during the seasons cf 1907, 
)8, 1910, 1912, 1913, and 1914. A shortage of 2 per cent of the 
luirements would have occurred during seasons of 1909 and 1911, 
d a probable shortage of 20 per cent during the season of 1915. 
The possible regulation cf storage in a reservoir of 150,000 acre*. 
ot capacity at Post, to supply the assumed diversion requirement 
r this low-line canal development, is shown by the following table: 

tinuUed manipulation of storage at Post for irrigation Crooked River — EayUack proj- 
ect, low line development. 



Date. 



B. 

Rea^rvoir- 

inflow 

Crooked 

River at 

Post. 



C. 

Flow of 
Crooked 
River at 
l^rineviUe. 



D. 

Diversion 
require- 
ments. 



E. 
Evapora- 
tion and 
seepage 
losses from 
reser\'oir. 



F. 
Water in 
rescr\oir 
at begin- 
ning of 
month. 



O. 

Ovcrflofv 

and 
shortage. 



itober.. 
>vember. , 
uember.. 



1906. 



nnary..,. 
ibruary.,, 

arch 

pril 

«y 

IQfi 

»y 

ugost...., 
eptember*. 
tteber.... 
fovember.. 
)«cember.. 



1907. 



'•broBryV 
to*.... 



ay 

tn»iBt 

|eptember. 
^tober.... 
jobber.. 



^£: 

^DPBt..... 

Wptjaber. 
Jcteber.... 
!!'*''*abef . , 



antArr 
inly ; 



Acre-feet. 

2.400 

7,4S0 

11,2£0 



12.90C 

92,000 

92.000 

86.000 

30 000 

5.050 

1,470 

1,470 

1,490 

2,640 

6.3.'0 

9,060 



«.0no 
l,fso 

4S.M) 

5], 670 

II, MO 

4.820 

1,720 

860 

I'm 

4,M 

11,600 
21,900 
43,060 
66,^60 
19.300 
4.460 
2,«0 
1,160 
2,010 
3.440 
25.600 
13,2liO 



21,600 

38.300 

117.000 

31,600 

9,3fi0 

910 

1,060 

1 Overflow. 



Aere-feei. 
2.f90 
8.r>6f) 
12,100 



13,f5n 
116.01)0 
116, 000 
107, f 00 

32.eoo 

5.440 
2.220 
1,6 
1,660 
2.890 
6,910 
9,820 



8,640 

16.60b 

51300 

55.070 

17,000 

5,280 

1,8 

906 

1,275 

2.460 

3,870 

4,066 



12,600 

21400 

47,000 

66,000 

17,200 

4.090 

1200 

1,600 

1120 

1160 

31,600 

14,^00 



22.700 

51.700 

200. eoQ 

37.400 

11,500 

857 

548 



Acre-feet. 
3.aoo 
lIvOO 
3,300 



13C0 

1300 

1300 

13G0 

28,180 

39.110 

46,6^0 

31.100 

14.500 

1300 

130L 

1300 



1800 

1300 

1300 

1300 

28,160 

39.110 

45,6^0 

31,100 

14,fOO 

1,800 

1300 

1300 



3,800 
1800 

1800 
1800 
2|.lk0 

dl.iio 

46,680 
31,100 
14.500 
1300 
1800 
1800 



1800 
1300 
1300 
1800 
23.180 
39.110 
46,680 



Acre-feet. 



Acre-feet. 
730 



A ere- feet. 



1130 
3.O70 
4.2f0 

i2ro 
2.2ro 

2.340 

1080 

l,4fO 

240 

120 



190 
168b 
1600 
1100 

lao 

1100 

1,5<0 

500 

20 

10 



1100 
15?0 
1500 
lOTO 
2,000 
1,920 
1,400 
350 



1010 



2.220 
1990 
3,160 

i2ro 

1100 
1100 



4,760 



11560 
24,2 
114 060 
150.000 
150 OOC 
150.000 
114,0.0 
67,280 
35,760 
21.470 
20.8211 
24,310 



36,170 

43,2^0 

88,860 

136,920 

128,640 

92,710 

46,740 

15,010 

1,280 

910 

1660 



4,290 

11590 

33.390 

73,820 

127,120 

121,190 

84,480 

38,830 

7,430 



140 
23,730 



34,730 
54,130 
90 2 
If 000 
150 000 
136,070 
95,780 



58.0^0 

81,750^ 
7 170 



(«) 



5.300 



% 



8i:a6» 



s Shortage. 
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Estimated manipulation of storage at Post for irrigation Crooked River — Haystack jm 
ectf low line development, — Continued. 



A. 
Date. 



1010. 

Ani^st 

September 

October 

November •. 

December 

1011. 

January 

Febniary 

March 

April 

May 

June.. 

July 

Aunist 

September 

October 

November 

December 

1012. 

January 

February 

March... 

^?!r.::::::::: 

June 

July 

AufOist 

September 

October 

November 

December 

1013. 

January 

February 

March... 

April 

May 

June ,. 

July! 

Aunist 

September 

October... 

November 

December 

lOli. 

January 

February 

March 

April:..... 

May 

June 

July..... 

Au^st 

September. 

October 

Nbvember 

December 

-, 1015. 

January 

February. 

Meu-eh 

April 

May 

June 

July 

Augiist *. 

September 



B. 

Reser^-oir- 

inflow 

Crooked 

River at 

Post. 



Acre-feet. 

633 

1.660 

2 840 

6 070 

16,800 



8,om 

0,660 

62,700 

43.800 

14,800 

2,550 

8I« 

762 

090 

2,870 

3,660 

4,550 



10,800 

36,100 

20,400 

76,200 

73,300 

16,400 

3,800 

1,870 

1,870 

2,780 

4,700 

6,050 



6,060 

10,000 

35,400 

06.500 

31,620 

3,610 

2,400 

2,030 

1,130 

3.440 

5,530 

4,570 

12.000 
22,300 
85,600 
74,620 
17,000 
6,730 
2,000 
400 
1,230 
3.080 
5,050 
6,150 



6,150 

8,320 

30,000 

40,000 

20,000 

3,000 

800 

800 

1,000 



C. 

Flow of 
Croolred 
River at 
Prineville. 



Aere-feet. 

347 

i,ro 

2.820 
6 3*0 
18,300 



0,780 

10.500 

80.600 

52,600 

18.200 

2.CnO 

1,080 

672 

1.080 

3,120 

8,070 

4,060 



21.800 

30.200 

22.200 

05,200 

01,600 

17,800 

4,120 

2,040 

2,040 

3,020 

5,000 

7,620 



6,580 

11,100 

38,000 

121,000 

34,800 

3,020 

2.580 

2,100 

1,220 

3.730 

6,010 

4,070 



14,000 

24,300 

107,000 

03.400 

10,500 

7,320 

2,180 

441 

1,340 

2,340 

1,460 

6,680 



6,6»0 

o.aw 

32.600 

44,300 

22,200 

3,300 

880 

880 

1,100 



D. 

Diversion 
require- 
ments. 



Acre-feet. 
31.100 
14.f00 
3.300 
3.300 
3,300 



3,300 
8,300 
3,300 
3.300 
23,180 
30.110 
46.680 
31,100 
14,500 
3,300 
8,300 
3,300 



3,300 
3,300 
3,300 
3,300 
23,180 
30,110 
46,680 
31,100 
14,500 
3,300 
3,300 
3,300 



3,300 
3,300 
3,300 
3,300 
23,180 

30, no 

46,680 
31.100 
14,500 
3,300 
3,300. 
8,300 



3,300 
3,300 
3,300 
3,300 
23,180 
80.110 
46,680 
31,100 
14,500 
3,300 
3,300 
3,300 



3,330 
3,330 
3,330 
3,330 
23,180 
30. 110 
46,680 
31,100 
14,500 



E. 
Evapora- 
tion and 
seepage 
losses from 
reservoir. 



Acre-feet. 

1,540 

500 

40 

20 

2,000 



150 
2,540 
3.750 
2.100 
2.050 
2,100 
1,750 

600 



2,000 
2,120 
1,250 
3,500 
2,150 
2,250 
2.460 
2,240 
1,100 
380 
100 



220 

2,750 

3,600 

2,250 

2,250 

2,340 

1,060 

050 

240 

120 



2,000 

ioo 

750 

2,150 

2,250 

2,200 

2,280 

1,060 

000 

200 

100 



160 
540 
1,350 
1,700 
1,700 
1,560 
560 



F. 
Water in 
reservoir 
at bef^in- 
nin^of 
month. 



Acre-feet. 
48.060 
16, GEO 
2 7 
2.210 
5,200 



20.000 
26,4»0 
33.5'W 
01,690 
135,640 
128,660 
00.150 
42,450 
10,360 



670 



2,330 
20,130 
64,110 
71,760 
144,460 
.150,000 
126,440 
81.420 
50,120 
36,560 
35,000 
37,500 



4U820 
45.100 
. 52.680 
85.3.30 
150,000: 
150,000 
112,560 
66,120 
35,250 
21,020 
21,210 
23,800 



25,470 
36,370 
56,480 
130,330 
150,000 
144,070 
110,080 
63,300 
30,680 
16,620 
17,040 
20,100 



23,480 
26,860 
32,450 
50,010 
06,560 
83,880 
66,370 
10,010 



s Qverflow. 
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In columns B and C are shown the magnitudes of the estimated^ 
d recorded monthly runoffs of Crooked River at Post and Prine-. 
le, respectively. In column D is shown the assumed diversion, 
[uirement for the low-line development of this Crooked River- 
ystack Butte alternative. In column E is shown the magnitude 

resulting losses of water from the reservoir by seepage and 
iporation. 
In column F is shown the volume of water stored in the reservoir. 

the bfginniiig of the month, while in column G is shown the vol- 
ae of excess water wasted by overflow from the reservoir, together 
th the volumes of water by which the storr g'3 fails to meet assumed 
version requirements. The water shortages appear in the table to, 
cur as a total deficiency at the end cf the season, and are so shown 
p purposes of illustration. In actual practice the water available. 
r irrgation durirg any season can be closely estimated at the be- 
oning of that* season, and any shortfga will be distributed by the. 
era tarougiout the irr gatirg period. 

The main canal for low-line development of this project would 
vert from the river at a point in section 33, township 16 south, range 
) east, by means of a low diversion dam and running down Crooked 
iver Canyon would cross Ochoco Creek south of Barnes Butte by 
leans of a pipe crossing. Swirgirg around the west side of Barnes 
utte through the irrigable lands above Prineville it would reenter 
rooked River Canyon and connect with the canal line as projected for 
^chutes north unit project at Smiths Rock. From this point the 
anal will follow the location as determined for the Deschutes project. 
See Deschutes report, page 134.) The length of main canal for this 
>w-line development will be 75 miles. The canal would be concrete- 
^ed throughout. See Plate No. 41. 

High-line development. — ^The total assumed diversion requirement 
Dr the high-line development, expressed in acre feet, is as follows: 



Qne... • "':•'• 

Uly...;[ 

mj;usi*' *■ ' 

■•ptBmbflr.*.; *;•;•*.•;; 

'onirrigating'siwi;. 



Haystack 
country 
(46,000 
acres). 



About 

Frine\ille 

(15,000 

acres). 



Crooked 

Hver 
bottom 
landli 
(5.qD0 
acres). 



Acre-feet. 
18,700 
31,000 
37.. %0 
24.800 
12,400 
23.000 



Acre-feet. 
4.800 
8,700 
10,100 
6,750 
2,250 



Acre-feH. » 
1,600 
2,000 
3,350 
2,250 
750 



147,200 



32,600 



10,850 



Th^^sstimed leinnual diversion requirement for high-line canal 
wvelopment of the Crooked River-Haystack Butte alternative is 
^"0,650 acre-feet. Sufficient storage to supply the assmned diversion 
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requirement, on the basis of a 25 per cent deficiency during one sea- 
son in ten, will be provided in a reservoir at Post. A reservoir with a 
capacity of 170,000 acre-feet at Post during the period from 1906 to 
1915 would have provided storage sufficient to supply the entire 
Assumed diversion requirement during the seasons of 1907, 1908, 1910, 
1912, 1913, and 1914. 

A shortage of 4 per cent of the requirement would have occurred 
during the season of 1911, a shortage of 8 per cent during 1909, and a 
probable shortage of 25 per cent during the season of 1015. 

The main canal for the high-line development of this project would 
divert from the river in Sec. 10, T. 17 S., R. 16 E., by means of a low 
diversion dam, and running down the Crooked River Canyon would 
cross Ochoco Creek by means of a pipe crossing; thence, passing 
around and above the irrigable land^ back of Prineville it would 
reenter Crooked River Canyon and f oUow on a higher^ade the same 
gieneral location as for the low-line development to Smiths Rock« 
From there on the location of the canal is identical with that of the 
low-line development. The main canal for this high-line develop- 
]!nent is 83.5 miles long and is concrete-lined throughout. See 
Plate No. 41. 

Estimates of cost. — ^During the progress of surveys for this Crooked 
River-Haystack Butte alternative it became apparent that the cost 
of utilizing water from Crooked River to irrigate the Haystack Butte 
country would be prohibitive, so surveys of the canyon from Prine- 
fiUe to Smiths Rock were not undertaken. For this neason esti' 
mates of this portion of the diversion canal are approximate only. 
Estimates of the cost of diversion canals, based upon surveyed line, 
#ere made from a study of the cost of typical sections for the average 
of conditions encountered, taken from carefully estimated canal costs 
for the imits of the Deschutes report. Costs given include ft ebarge 
for engineering administration and contti^encieS; equivaki^t to 20 
pet cent of the estimate. 

EfUmaUd cost of low4ine development. 
Post Eesenroir: 

160.000 acre-feet, at $8.S5 $677,600 

Dlvenion dam 26,000 

Mis: 

Mile to mile 18^1^-5 miles, at $60,000. 926,40^ 

Mile 18.6 to mile 10, Ochoco Creek pipe cvMfliiig..* ««..« 76,000 

Milel0tomile86, 16 miles, at 138,000..; m,O0P 

Mile86tomUe47, 12 mUee, at $48,000 870. (W 

Mile 47 to mile 76, 28 milee, at $34,000.... $82»000 

Bietrilmtingsystem, 40,000 acres, at $10.60 48O.0M 

Distributiiig system, 9^000 acres, at $4.60 41,409 

68,000 acres, at $77.62 ...;. 4^201^900 
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MttsmcOed 0(>9t qf high4me ikvelopmetU 

at Reservoir: \ 

170,000 acre-fe6t, at $3.78 1642, 000 

Diverston dam 25,000 

nals: 

Mile0tomUe25,26mil3S, at$60,000 1,500,000 

Mile 25 to mile 25.5, Ochoco Creek crossing 200,000 

Mile 25.5 to mile 43.5» 18 mil«, at 140.000 720.000 

Mile 43.5 to mile 55.6, 1? mile^, at 140,000 480,000 

Mile 55.5 to mile 83.5, 28 miles, at 134,000 952,000 

Distributing sysftem, 46,000 aone, at $10.50 483, 000 

Distributing system, 15,000acreB, at$4.60 69,00p 



61,000 



I, at $83.14 per acre 5,071,6(» 

CROOKED RIVER — OCHOCO ALTERNATIVE. 



ibout Prineville (15,500 acres) : Acre-feet. 

May 4,960 

June 8, 990 

July 10,386 

August 6,975 

September 2,325 



It has been proposed to irrigate lands around Prineville, heretofore 
rferred to under Crooked River-Ochoco alternative, with water to be 
iken from Crooked River and supplied to the land either by gravity 
rhy pumping. Approximately 15,500 acres of land around Prineville 
rifl be served, and reservoir capacity must be provided at Post to 
toe water sufficient to irrigate these lands, together with 5,000 acres 
n Crooked River bottom. 

The assumed diversion requirement for the Crooked River-Ochoco 
dtemative is as follows: 

Crooked Kiver bottom lands (5,000 
acres) : Acre-feet. 

May 1.600 

June 2,900 

July 3,350 

August 2,250 

September . . 75Q 

Annual 10,859 

The assumed annual diversion requirement for the Crooked River, 
Ochoco alternative is 44,485 acre-feet. Sufficient storage to supply 
the assumed diversion requiremont, with a full supply for the as- 
filmed 10 per cent dry year, will be provided at Post in a reservoir of 
35,000 acre-feet capacity. 

^rayity development. — ^Tlie diversion canal for a gravity supply will 
take out from the river in sec. 10, T. 17 S., R. 16 E., by means of a low 
aivCTsion dam. Running down Crooked River Canyon it would cross 
Ochoco Creek south of Barnes Butte as a pipe crossing, and continue 
™nee to the distributing system. 

'Hie diversion dam is designed to raise the water about 8 feet. The 
Attain diversion canal will be Qoncrete lined for a portion of its length, 
^hile the remainder wiQ be in earth. The type of construction for 



Annual 33,035 
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the distributing system ¥rill be of the same character as that deaignfi 
for the Ochoco project. (See Plates Nos. 31 and 36.) 

Pumping development. — Water will be diverted from the river 
Steams dam in sec. 1, T. 16 S., R., 15 E., by means of a lowdiversia 
'weir, and conducted by gravity to a pumping station on the soutl 
side of Barnes Butte. The system of distribution heads in thre 
main distributing canals. The lower canal will take out from th 
diversion canal by gravity and serve 3,500 acres of land, lying beloi 
elevation 2,910. The intermediate distributing canid will serve 
7,803 acres, lying between elevation 2,910 and 2,983, by means of i 
pump lift of 51 feet. The high line distributing canal will serve 4,209 
acres, lying between elevation 2,950 and 3,030, by means of a pump 
lift of 126 feet. 

r For purposes of this report, it is assumed that 2,000 horsepower^^ 
the power necessary to operate the pumping plant, will be developed 
on Deschutes River at Dillon Falls and transmitted to Prineville, 
.(See Deschutes report, page 126.) 

, The extent of the present commercial power market, served by 
jlocal power companies throughout this region, is so limited that it is 
probable that these companies could not use the power output of tbis 
plant during the nonirrigating season; estimates of cost are made 
upon the basis of charging to this development the entire cost of the 
power installation necessary to operate the pumping plant. 

The diversion dam is designed to raise the water about 8 feet. An 
earth canal will conduct the water to Ochoco Creek, which will be 
crossed by a metal flume to the pumping station. The pumping 
plant will consist of two direct connected motor centrifugal pump 
pnits, for both lifts. For the low lift, two 410 horsepower units and 
for the high lift two 550 horsepower units, together with necessary 
transformers and switchboard apparatus, will be required. 

Steel force mains will conduct the water from pimips to distributing 

canals. The type of construction for distributing systems wiU be of 

the same character as that designed for the Ochoco project. (See 

Pis. Nos. 31 and 36.) 

Estimates of cost. 
Gravity development: 

Storage, Post Reservoir, 35,000 acre-feet, at |8.50 $297, 500. 00 

Diversion dam 25, 000. 00 

Canal — > 

Mile to mile 15, 15 miles concrete-lined canal, at |25,000 375, 000. 00 

Mile 15 to mile 25, 10 miles earth canal, at $13,000 130. 000 00 

Mile 25 to mile 25.5 Ochoco pipe crossing 70, 000. 00 

Distributing system, 15,500 acres, at $11 170, £00. 00 

Total (15,500 acres, at $68.90).... 1,088,000.00 
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umping development: 

Storage, Post Reservoir, 35,000 acre-feet, at |8.50 $297,500.00 

Diversion dam at Steams 25, 000. 00 

Diversion canal, Steams to Ochoco Creek, 9 miles, at 112,000 lOS, 000. 00 

Metal flume, Ochoco Creek crossing, 2,500 feet, at |6 15, 000. 00 

Pumping station and equipment — 
Low pumping lift — 

300 feet 30-inch steel pipe, at $6 1,800.00 

2 units 350 horsepower motors and 24-inch centrifugal 

pumps 19; 000. 00 

High pumping lift — 

600 feet 24-inch steel pipe, at $5 3,000.00 

2 units 450 horsepower motors and 20-inch centrifugal 

pumps 20, 400. 00 

Step-down trantjformers, 1,450 kilowatts, at $4 # 5, 800. 00 

Switchboard 2,000.00 

Pump house and pit * 10, 000. 00 

Distributing system, 15,500 acres, at |1 1 170, 500. 00 

Power plant, Dillon Falls, 2,000 orsepower, at 170 140, 000. 00 

Transmission line to Prineville, 38 miles, at $2,000 76,000.00 

Constmction cost (15,500 acres, $57.68) 894, 000. 00 

fetal constmcting cost per acre. . 57. 68 

Sftpitalized operating cost and depreciation of power and pumping plant, 
$1.92 per acre, at 6 per cent per acre. . 32. 00 

Total cost per acre 89. 68 

The estimated cost of operating power and pumping plants is as 

follows: 

bniial operating cost of power plant at Dillon Falls and transmission line 
toPrineville: 

Labor , $3,500 

Supplies, repairs, and contingencies 5,000 

Overhead charges 1, 000 

Equipment depreciation, 10 years on $63,000 at 3 per cent 5, 500 

Equipment depreciation, 20 years on $100,000 at 3 per cent 3, 700 

15,500 acres, at $1.21 $18,700 

^ual operating cost of pumping plant at Prineville: 

Labor 2,500 

Supplies, repairs, and contingencies. 2,300 

Equipment depreciation, 10 years on $67,000 at 3 per cent 5, 800 

Overhead charges 400 

15,500 acres at 71 cents 11,000 

Possible preliminary development of pnmping supply. — It will be 
possible to develop this Crooked River-Ochoco pumping project in 
two stages. -Preliminary development would consist in providing 
the entire storage for the project, and constructing the diversion 
dam and canal, with flume across Ochoco Creek to the pumping plant. 
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A preliminary development of the pumping plant would b© mad 
with one unit eaeh of high and low lifts installed, and the distributii^ 
system would be constructed to include at this time, distributb^ 
canals and sufficient laterals to supply lands which require immedial 
delivery of water. If possible, off peak load power would be purchase 
from commercial power companies in the field, and any necessai 
transmission line to transmit this power to Prineville would be ii 
stalled by the irngation district, providirg that this line would 1 
economical for a final transmission cf power from Dillon Falls. 
,' The final development would consist of installing the two add 
tional. pumping units, completing the distributing system, an 
developing the necessary power at Dillon FaUs. 

Estimates of the 'cost of developing the project in the forcgoi^ 
manner, are as follows: 

Post reaervoir. ^ $297,51 

Diver jion dam Bit Steams 25. fli 

Diversion caB&l, 9 miles, at $12,000 108. (K 

Metal flume, Ochoco Creek crossing, 2,500 feet at $6 15,0( 

Pumping station and equipment: 

One low-lift piimping unit 9,511 

One high-lift pumping unit • 10,2(1 

Steel pipe force mains 2.^ 

Step-down transformers, 725 kilowatts 2M 

Switchboard 1.0IK 

Pump liouseand pit * lO.Ofl 

Distributing system, 10,000 acres, at $11 110. «( 



Preliminary power development at Dillon Falls: 

1,000 horsepower capacity $100, 000 

Transmission line 60,000 

160,000 



Total cost 751,50i 

' If pow3r conrpanies will sell pDwer delivered at, say, Redmond. I 
transmission line from Redmond to Prineville would alono be required 
The location of this line would he such that it would fonri a link iu 
the transmission line for final power development and transmissio!^ 
from Dillon Falls. 

Estimated cost of construction of such a praliminary developmoat 
13 as follows: 

Hesenroir, diversion works, canals, pumping plant, and distributing syatem. $591, 5IU 
16 miles trajismission line. -..:................ 24,000 

Total 615,500 

IPOWER. 



Storage of the flood water of a stream can not be utilized to 
power upon that stream by increasing its low-water flow, unless fail 
be previously developed upon it; this previous development of fall 
presupposes the development of power from the natural flow. 
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A given fall having been developed, the economic advantage of the 
ilization of storage is a question of the cost of additional power, 
lich may be developed by utilization of that storage, to increase 
9 usable flow of the river over this fall, as compared with the cost 
additional power obtained by developing another fall. 
The cost of developing water power by utilizing the natural flow 
a stream consists of (1) the cost of developing fall and (2) the cost 
constructing forebays, power house, and machinery to transform 
id transmit the power in useful form to the place of consumption, 
le cost of developing water power by storing flood waters for use 
increasing the low-water flow of the stream over a previously de- 
Joped fall consists of (3) the cost of providing storage and (4) the 
)8t of constructing additional forebays, power house, and machinery 
» transform, etc. It is evident, providing that the costs of co.i- 
ructing forebays, etc., in each case are equal, that the minimum cost 
' increas'mg the power upon a stream is a question of the relative 
)st of developing additional fall or providing storage to supplement 
le low-water flow of the stream. In one case the total developed 
A upon the stream is increased, in the other case the usuable flow 
I the stream is increased. 

PROBABLE FUTUKE FLOW — SLOWER DESCHUTES RIVER. 

Discharge measurements upon lower Deschutes River near Moody, 
ibout 3 miles from the Columbia, and at Mecca, about 15 miles below 
ie junction of Crooked River with the Deschutes, are available from 
^cords of the United States Geological Survey. The flow of Deschutes 
iiver during the period of record has been progressively reduced 
>y the diversion of waters from the upper Deschutes for irrigating 
tee. The future development of the upper Deschutes, as pre- 
»nted in the report upon the Deschutes project, contemplates the 
Jomplete utilization for irrigating purposes of the flow of the 
Deschutes above Benham Falls, together with the waters of Timialo 
Creek. 

From the records of flow of the Deschutes at Mecca and Moody and 
tte records of diversions of water into the Central Oregon Canal, 
filot Butte Canal, North Canal, Arnold Ditch, Swalley Ditch, 
Columbia Southern Canal, Wimer Ditch, and Tumalo Diversion 
Canal, the probable natural flow of the Deschutes at Mecca and at 
woody for the period of record has been estimated. (For Moody, 
•ee column C, table, p. 88.) 

To arrive at a probable future modified flow of the lower Des- 
raiutes, on the assumption that the entire flow of the upper De&chutes 
«>ove Benham Falls aind that of Timialo Creek are appropriated to 
"nigatien uses, it would seem at first eight that, including the dia- 
^arge of Crooked River, the entire flow of these upper stroamB 
8464-15 6 
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mentioned should be deducted from the estimated probable natiiii 
flow of the lower Deschutes. 

A large percentage of the water actually diverted from the htj 
for irrigating purposes is, however, lost to actual plant consximptia 
by seepage in canals and subdrainage from the cultivated ares 
TTie greater portion of these losses will return to the river flow aboi 
Mecca through ground-water storage. 

The total annual appropriation of waters from the upper Del 
chutes for a complete utilization of the flow for irrigating use hi 
been estimated in the report upon the Deschutes project to \ 
1,210,000 acre feet (p. 33, Deschutes project report), and the possibl 
appropriation of water from Timialo Creek will be assumed, for t^ 
purpose of this report, to be 76,000 acre-feet. 

A continuous flow to the river of 35 per cent of the assumed appm 
priations of 1,286,000 acre-feet for irrigating uses, equivalent) 
620 second-feet, wiU be assimied to take place. (U. S. Geologia 
Survey, Water Supply Paper No. 344, p. 114.) 

The probable flow of the lower Deschutes at Moody and Meca 
after deducting the estimated flow of Crooked River, has been esti 
mated for the period of record as it would have occurred with th 
flow of the upper Deschutes and Tumalo Creek appropriated fa 
irrigating use. (For Moody see column D, table, p. 88, and Hydro 
graph plate No. 44.) 

The annual discharge of the Deschutes as recorded at Mood/, 
together with the percentages of variation of annual discharge frofl 
the mean annual discharge for the period, is as follows: 



Date. 



1906-7.. 
ltt07-8.. 
190R.9.. 
190&-10. 
1010-11. 



Annual 
discharge. 



Acre-feet, 
5,700.000 
4,940,000 
4,670,000 
5. 000.000 
4,420.000 



Variation 

from 
avenge. 



Per cent, 
+14.7 

- 0.0 

- fi.O 
+14.5 
-11.0 



Date. 



1911-12. 
1912-13. 
1913-14. 



Mean for period.. 



Annual 
discharge. 



Acre-feet, 
5,100,000 
4,840.000 
4,410,000 



4,971,000 



VariatkA' 
from I 
avengft. 



PercnUi 
+ 1 

-ILJ 



The annual discharges of the Deschutes, as recorded at Mecca for 
the period of record, are as follows: AcrefMt. 

1911-12 3,765,0(» 

1912-13 1 3,690,001 

1913-14 3,660,0» 

From an inspection of the hydrograph of the Deschutes at Moody 
(plate No. 44) it will be noted that years of minimum flow occur ia 
couplets. For the period of records the years 1907 and 1908 and 
years 1910 and 1911 are years of minimum run-off for the Deschuttf 
at Moody. The year 1914 was a year of low run-off, and from jHwent 
indications the year 1915 will be a year of lower run-off than any of 
record. 
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BXNERAL CONDITIONS AFFECTING RIVER AND POWER REGULATION. 

Flnctuation of stream flow. — The volume of flow of a stream varies 
)m day to day and from one season to another. In streams of 
latively small drainage area hourly fluctuations of flow will occur 
iring certain seasons of the year. 

Flnctnation of power demand. — The magnitude of the average nor- 
al rate of power demand from a power market large enough to 
)sorb the output of the power developments herein considered will 
> vary throughout the day that the maximum rate of demand for 
)wer will be from two to three times the average. 
Storage and pondage. — The flow of a stream may be regulated to 
ther eliminate daily and seasonal fluctuations or to meet fluctuit- 
ons in demand for power which occur throughout the day. In one 
ise the flow of the stream during part of the year is stored to be uti- 
zod during the remainder of the year. In the other case the flow 
I the stream during one part of the day is stored and utilized during 
le other part of the day. The former method of regulation is termed 
Lorage, the latter pondage. 

Pondage, to be effective, must be close to the power plant, while 
torage may be located upon the river at considerable distances above 
t. Losses of storage water necessary to affect regulation increase 
nth the distance of the storage site from the power plant, due to the 
mpossibility of so regulating the flow of the river as to eliminate 
rregularities which have their source upon the river between the 
)lace'of storage and the plant. 

Efficiency of storage as affecting stream regulation. — ^Two or more 
power plants upon a stream may be regulated from the same storage, 
providing thrtt the relative magnitudes of flows at various plants 
remam constant. The closer the plants lie to each other the better 
this condition will be satisfied. It will generally hold good for 
itretches along a river between the jimctions of large tributaries, as 
the magnitude of flow of the stream in these stretches will be the same 
Mid subject to the same fluctuations. 

The Deschutes below the junction of Crooked River receives the 
flow from three large streams. These streams are the Metolius 
River, Warmsprings River, and White River. For purposes of regu- 
lation from Crooked River these feeders divide the Deschutes below 
Crooked River into three sections. The records at Mecca represent 
flow conditions from the junction of the Metolius to Warmsprings 
River, while records at Mpody represent flow conditions from the 
junction of White River to the Columbia. There are no records of 
discharge from gaugings upon the Deschutes between the jimctions of 
Wannsprings River and White River. 



Digitized by 



Googk 



i54 OCHOCO PBOJECT. 

The dissimilarity between the relative magnitudes and the distii-, 
butions of flow of the Deschutes at Mecca and Moody does not jienm 
either storage regulation of the flow of the Metolius-Warmsprina 
section of the river to regulate the flow of the White River-Columbit 
section or vice versa. No studies have been made to determine 
degree of water-flow control which may be attained by regulating tl 
flow of either the Metolius-Warmsprings or White River-Columl 
•section of the river, in conjunction with the flow of the Warmsprii 
White River section, owing to prohibitive railroad relocation 
which become necessary for development of power upon this po] 
of the river. 

The Post Reservoir is located on the Crooked River approximai 
00 miles from its junction with the Deschutes and approximai 
200 miles above Moody. For the Deschutes, storage water at P< 
would not regulate for ice conditions such as those which caused 
low water flow in January, 1912. However, periods of low wai 
flow of this character are of short duration. Developed power u] 
the Deschutes would mean the maintenance of emergency capadl 
either by pondage or auxiliary installations, to carry over bik 
periods. For the purposes of this report and from a study of tb 
hydrographs of the river 5,000 acre-feet per month during demaai 
upon storage will be assumed to cover regulation losses. 

It will be assumed that seepage losses from the Post Reservoir wil 
. return to the river flow through ground-water storage and that distri* 
bution of return flow throughout the year will be constant. Seepagi 
returns to the river during periods of demand upon storage will not 
be lost to regulation of river flow except in cases where the rate ot 
return flow exceeds the rate of regulation demand upon the storage. 

Economic limits of nonstorage development. — In the development of 

.power upon a stream the maximum available from unregulated Hot 

, is rarely utilized upon the development of a given fall, but is utilized 

.as the growth of the market demands increased power up to <Ji« 

economic maximum, which is subject not only to the magnitude and 

.distribution of the minimum flow of the river, but also depends upon 

," the character and magnitude of the power market which is served, 

Ko investigations have been made to determine the probable limils 

.within which the unregulated flow of the river might be economical^ 

developed, and the assmned unregulated flows of the river which are 

^)ierein used merely indicate limits of flow, as determined from reconk) 

, within which actual development would probably take place. . 

cost OF ST6BA<SJt! l»6^^fe aI' UOotHt. 

Xodifled flow. — ^The demand during the aeasoQ fro^ tApr^ I 'to 
April 1 for water from storage sufficient to maintain a continuous 
modified flow at Moody of 4,700 second-feet, 4,800 second-feet, 4,900 
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3Cond^feQt, wid 5,000 seqoud-feet fpr the period oi record^ expressetd. 
I ^re-feoty is a^ follow^: 



99«aoii. 


4,700 
a«x»id*f6et. 


4300 
9e:H>nd-feet 


4,900 
Moond-feet. 


6;00p 
seontMaal 


I9»]0 


4ere-feet. 
14.200 
20.fc00 
21.000 
27,660 
34,800 

96,620 
167,240 


38,420 
40,963 

70,310 
86,010 
131,120 
204,7^0 


Acre-feet. 
54,300 
65,340 
68,410 
76,340 
80,770 
99.9fi0 
120,150 
167,880 
258,140 


^"tt™. 


)V7 , 


97,:«Q 


!,••« ^ 


99, '.r0 


ia^j3 , ,., 


i§?;?a 


tuu 


its?::::::::::::;:::::::::;:;;::;::;:::;::;:::;;:;:;. 


IS;}^ 


HWll 


U-12 


205, Jtl 
314,700- 


14.1$ 






Av6Wg^ 


63,000 


80,000 


110,000 


' 148,i0Ofr 







The d^cnand during the season April 1 to April 1, 1914-15, is 
ipproxixnately two and one-half times the average seasonal demaii(| 
br the period. In order to provide against a shortage of approxi7 
nately 50,000 acre-feet during this season, it would be necessary to 
maintain 70,000 acre-feet of idle reservoir capacity at Post through- 
)ut the period of record. An auxiliary installation of 18 horsepower 
if equipment per 100 horsepower of total installation would provide 
igaiiist this shortage, when such shortage is distributed over thirty 
24-hour day». 

- Ckmditionar of growth and opwation of the power development 
herein considered could require that as much as 40 per cent of the 
installed capacity be' auxiliary equipment located on water transpor- 
tation and near the center of gravity of the distributing system. 

Seventy thousand acre-feet of reservoir capacity at Post will cost 
approximately $200,000, The annual interest charges upon $200,000 
at 6 per cent would be $12,000. For the nine years of the period of 
record interest charges at the rate of 6 per cent would be approxi- 
mately $1 10,000. 

The fuel cost of auxiliary steam power, generated from fuel oil at 
11.20 per barrelj to cover a shortage of 50,000 acre-feet, would 
be approximately $160 per foot of fall developed. Approximately 
700 feet of fall must be developed on the Deschutes before the fuel 
cost of auxiliary power, sufficient to cover a shortage of 50,000 acre- 
leet once in 10 y^ars, would be as large as interest charges for the 
^Wa period upon the cost of reservoir capacity, necessary to supply 
storage to cairy over periods similar to the period April 1, 1914, to 
4^Pril Ij 1915. Upon the Deschutes, two seasons of low run-o^; 
generally occur consecutively. It is probable that the season from. 
October, 1913,' to October, 1914, is one whose frequency is less thaft< 
one in ten. 

With a shortage during the season of April 1, 1914, to April 1, 1915, 
01 50,000 acre-feet of water, it would require at Post a resftrvoir 
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capacity of 120,000 acre-feet to maintain at Moody a regulated rate 
of modified flow of 4,700 second-teet, 150,000 acre-feet to maintain 
4,800 second-feet, 190,000 acre-feet to maintain 4,900 second-feet, 
and 250,000 acre-feet to maintain 5,000 second-feet. If the maxi- 
xntim flow which may he utilized without storage is, sav, 4,200 second- 
feet, the usahle flow due to storage will he 500 second-feet for a regu- 
lated flow of 4,700; 600 second-feet for 4,800 second-feet; 700 for 
4,900 second-feet; and 800 second-feet for 5,000 second-feet. Th« 
volume of storage flow per thousand acre-feet of reservoir capacity, 
for a regulated flow of 4,700 second-feet, will he 4.2 second-feet. With 
a reservoir cost of $4.08 per acre-foot for a capacity of 120,000 acre- 
feet, the cost of storage flow per second-foot will he $980. If power 
measured at the switchhoard is generated with an efficiency of 
per cent, the cost of storage power per foot-head horsepower will be 
$10,800. Likewise the cost of storage power for a regulated flow oi 
4,800 second-feet will he $10,600; for 4,900 second-feet, $11,000; 
and for 5,000 second-feet, $11,900. 

A regulated flow of 4,850 second-feet at Moody will require a reser- 
voir capacity of 170,000 acre-feet. The estimated cost of a reservoir 
at Post of 170,000 acre-feet capacity, with a single-arch type of dam, 
b $3.81 per acre-foot of capacity. The estimated volumes of storage 
flow per unit of reservoir capacity and estimated reservoir costs per 
second-foot of storage flow, together with the costs of storage power 
per foot-head horsepower at 80 per cent efficiency^ are as follows: 

MOODY. 
[Regalatod rate of modified flow, 4,850 aeoond-feet.] 







Volume of 










storage 


Reservoir 


Cost of 


Pftteof 


Pate of 


flo'v per 


cost per 
se^nd-foot 


storage 


aonstorage 


storage 


thousand 


po-x-er per 


flow. 


flow. 


acre-feet of 


of storage 


foot-bead 






reservoir 


flow. 


horsepower. 






capacity. 






Seemd-feft. 
4,000 


Seeond-feet. 


Second-feet. 






850 


500 


$760 


W,850 


4.100 


750 


4.41 


860 


9>600 


4.200 


6.<)0 


3.83 


1.000 


11.000 


4.300 


650 


323 


1,180 


13,000 


4.400 


450 


2.05 


1,440 


15,900 



The estimated developed fall required on the lower portion of the 
Deschutes from White River to the Columhia, in order to be able 
to develop storage power from the estimated modified flow of the 
lower Deschutes, with reservoir costs of from $30 to $70 per horse- 
power, at 80 per cent efficiency, is as follows: 
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MOODY. 
[Regulated rate of modifled flow, 4,850 second-feet.] 
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Rate of 


Rate of 


Reservoir cost per developed storage horsepower. 












nnnnor- 


storage 


130. 


140. 


150. 


160. 


$70. 


ageflow. 


fiow. 












Feet of fall. 


Sec-n. 


8ec,'ft. 












4,000 


850 


2S0 


210 


105 


140 


120 


4,100 


750 


315 


240 


190 


160 


135 


4,200 


050 


370 


275 


220 


180 


155 


4,300 


650 


430 


325 


200 


220 


185 


4,400 


450 


630 


400 


320 


265 


230 



rhe following table indicates possible manipulation of storage in 
•eservoir of 170,000 acre-feet capacity at Post in order to regulate 
3 assumed modified flow of the Deschutes at Moody to a minimum 
w of 4,850 second-feat for the period from 1906 to 1915. 
In column B is shown the mean monthly flow in second-feet at 
)ody as recorded. 

Iq column C is shown the probable natural mean monthly flow in 
cond-feet at Moody as it would have occurred providing there had 
«n no diversion of water on the upper Deschutes. 
In column D is shown the probable modified mean monthly flow 
second-feet of the Deschutes at Moody as it would have occurred 
1 the assumption that the entire flow of the Deschutes above Ben- 
m FaUs, together with the flow of Tumalo Creek, was diverted for 
rigating pm poses. 

In column E is shown the estimated and recorded monthly run-off 
I acre-feet of Crooked River at Post. 

In column F is given, in acre-feet, the monthly demand on storage 
^ Post for water that would have been required to maintain a 
minimum continuous flow at Moody of 4,850 second-feet, together 
ith that necessary to irrigate 5,000 acres of Crooked River bottom 
dds. 

In column G are given, in acre-fe^t, the assumed losses of water 
y evaporation and seepage from the reservoir at Post, together 
^th the assumed losses of m^er required to maintain regulation of 
ov at Moody. 

In column H is given, in acre-feet, the estimated volume of water 
tored in the reservoir at Post at the beginning of the calendar 
lonth. 

I^ colunm I is given, in acre-feet, the overflow of water from the 
^ervoir at Post, together with the shortage of storage water neces- 
^ to maintain the assumed regulation of flow at Moody. 
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Estimated manipulation of storage at Post to regulate thefiow of the Deschutes for poll 

development at Moody. 



Date. 



Recorded 
flow of 
Des- 
chutes 
River at 
Moody. 



Probable 
natural 
flow of 
Des- 
chutes 
River at 
Moody. 



Probable 
modified 
flow of 
Des- 
chutes 
River at 
Moody. 



1906 

October 

November 

December 

1907. 

January 

February 

Mar h 

April 

May 

June 

July 

Auitust 

September 

October 

November 

December 

190& 

January 

February 

Mar h 

April 

May 

June 

July 

Aui^st 

September 

O tober 

November 

December 

1909. 

January 

February 

Mar h 

April 

Mav 

June 

July 

AUKUSt 

September 

October 

November 

December 

1910. 

January 

February 

Mar h 

April 

May 

June 

July 

August 

September 

Ootober...* 

November 

December. 

'^ '. . 1911. 

January 

February 

March 

April 

May 

June 

1 Overflow, 



Sec-ft, 
5,180 
7,290 
6,720 



6,720 
13,900 
9.5^0 
11,900 
8.950 
7,250 
6,230 
5.6;0 
5,660 
5,660 
5,9S0 
8,720 



7,420 
6,110 
8,(}00 
8,510 
7,340 
6,500 
6,000 
5,400 
5,300 
5,300 
5,9.0 
5,710 



7,470 
7,lf'0 
7,620 
8,3lO 
7,040 
6,760 
5,580 
5,260 
5.360 
5.540 
9,380 
8,710 



9,420 
8,710 
14,300 
8,740 
7,9€0 
6,320 
5.400 
5.U0 
5,230 
5.L90 
6,300 
6,820 



6,350 
5,710 
7,210 
7,450 
6.810 
6,380 



Sec.-ft, 
5,430 
7,300 
6,760 



6,680 
13»900 
9,650 
12,100 
9,220 
7,620 
6,540 
6,000 
5.900 
5,8;0 
6,070 
8,730 



7,390 
6,070 
8,600 
8,650 
7,5«0 
6,840 
6,450 
6,810 
5,620 
5.540 
5,9.0 
5,670 



7,390 
7,150 
7,550 
8,560 
7,3iK) 
7,160 
5,890 
5,6€0 
5,640 
5,730 
9,320 
8,630 



9,360 
8.050 
14,300 
8.930 
8.250 
6,750 
5.870 
5.490 

5,5:o 

5.4«'0 
6.300 
6,830 



6,300 
5,650 
7,180 
7,630 
7.161) 
6,820 



Sec-ft. 
4,580 
6,160 
5,650 



6,060 
4,940 
6,720 
6,310 
5,760 
5.120 
4,8h0 
4,640 
4,510 
4,340 
4,850 
4,710 



6.090 
5,880 
5,830 
6,420 
5,770 
5,660 
4,720 
4,630 
4,620 
4,730 
7,230 
6,930 



7,980 
0,290 
10,7^0 
6,810 
6.510 
5,450 
4,7.0 
4,410 
4,540 
4,510 
5,240 
6,510 

5,270 
4,650 
5,290 
6,810 
6,68') 
5,420 



Reservoir 

inflow 

from 

Crooked 

River at 

Post. 



Aere-fi. 
2,400 
7,430 
11,250 



12,900 

92,000 

92,000 

86.000 

30,000 

5,050 

1,4<0 

1,4.0 

1,490 

2,640 

6,350 

9,050 



8,000 

9,750 

48,200 

51,670 

15,700 

4,820 

1,720 

860 

1,190 

2.950 

5,060 

4,930 



11,600 

21.900 

43,000 

56,b00 

19,300 

4,400 

2,450 

l,lt)0 

2,010 

3,440 

25,600 

13,200 



21,600 

38,300 

117,000 

35,500 

9,350 

616 

1,060 

633 

1,660 

2,840 

6.070 

16,800 



8,980 
9.660 
62.700 
45,800 
14,8'JO 
2,550 



Storage 
demand 
to main- 
tain 4,850 
second- 
feet con- 
tinuous 
flow at 
Moody. 



Seepage, 
evapora- 
tion and 
regulation 
losses 



Water 
stored at 
Post at 
begin- 
ning of 
month. 



Aere-ft. 
17,000 
12.500 
6,360 



1,600 
500 



» 1,600 
s 2,900 
« 15,450 
> 16,850 
« 14,650 
8,540 
2,300 



120 

300 

2,400 



'1,600 
> 3.000 
> 3,350 
> 15,250 
« 21,050 
23,500 



9,910 



8,720 

o,o;o 



« 1,600 

«2,1'00 

«6.2U0 

M5,470 

M4,600 

7,350 

3,750 



« 1,600 

«2,900 

> 9,050 

< 24, 950 

M9,800 

21,500 

7.000 



5,460 
5,050 
17.100 
1,310 
s 1,600 
•4,090 



Aere-fi. 
5,160 
5,080 
5,000 



5,000 
5,050 
3,2l0 
4,700 
3,100 
2,400 
7,880 
8,150 
7,000 
5,760 
5,350 
2,300 



5,000 
5,380 
6,140 
4,550 
3,100 
2.400 
2,8b0 
7,960 
7,250 
5,800 
2,650 
5,000 



5,000 
5,2M 
3,250 
4,400 
3,100 
2,400 
7,880 
7,800 
7,0lO 
5,800 
5,3f:0 
2,300 



2,300 
2*760 
3,740 
4,700 
3,100 
2,400 
7,880 
8,150 
7,000 
6,660 
5,280 
2,300 



5,000 
5,300 
5,900 
7,000. 
2,950 
7,300 



Acrt-ft. 

30,020 

10,260 

110 



6,400 
92,850 
170,000 
170.000 
170,000 
169.750 
147 ,8M) 
124,360 
104,200 
92,540 
91,240 



97,990 
100,870 
104,940 
144,600 
170,000 
170,000 
169.420 
164,910 
142,560 
115.450 
89,100 
91,510 



81,530 
70,410 
86,960 
126,710 
170,000 
170,000 
169,100 
157,3fcO 
135.270 
115,690 
105,980 
122,470 



133,370 
152,670 
170,000 
170,000 
170,000 
1.0,000 
165,620 
140.750 
117,280 
92,140 
67,820 
61,610 



75.110 
73,6.% 
72,940 
112,040 
150,130 
160,380 



t lncliid.8 diversion demand for 5,000 acres of Crooked River bottom lands. 
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Mittic^^ m^mi^^^n o/ storage at Post to regulate the flow of the Deschutes for power, 
devtlopment at Moody — Continued 



Recorded 
- flow of 
Des- 
chutes 
Hiver at 
Moody. 



Probable 
natural 
flow of 
Des- 
chutes 
Rh-er at 
Moody. 



Probable 
modified 
flow of 
Des- 
chutes 
River at 
Moody. 



Reservoir 

inflow 

from 

Crooked 

River at 

Post. 



StoraKB 
demand 
to main- 
tain 4,8S0 
second- 
feet con- 
tinuous 
flow at 
Moody. 



SeepaBB, 
evapora- 
tion and 
regulation 
109 



Water 
stored at 
Post at 
begin- 
ning of 
moBib. 



and . 
shortage. 



8€e.'ft. 
6,260 
4,860 
4,930 
4,090 
5,440 
5,340 



7,940 
9,720 
6,020 
9,550 
9,770 
7,980 
5,910 
5,390 
5,520 
5,480 
6,030 
6,000 



0,800 
6,440 
7,070 
10,600 
8,330 
7,330 
6,050 
5,100 
5,030 
5,310 
5,550 
5,540 



6,710 
6,210 
9,700 
8,530 
6,300 
5,370 
4,860 
4,460 
4,610 
4,990 
5,260 
4,870 



6,070 
6,320 
6,400 



8ee.'fi, 
6,740 
5,250 
6,220 
5,180 
5,440 
5,270 



7,870 
9,670 
6,800 
9,610 
10,U60 
8,440 
6,400 
6,830 
6,820 
5,710 
6,140 
5,940 



6,830 
6,470 
7,120 
10,870 
8,730^ 
8,060 
6,760 
6,890 
5,740 
5,7H0 
5,790 
5,610 



6,760 
6,270 
9,760 
8,810 
6, MO 
6.110 
6,000 
6,260 
5,220 
5,220 
5,420 
4,920 



5,300 
5,500 



4,700 
4,410 
4,360 
4,330 
4,600 
4,470 



«,700 
8,040 
6,680 
7,240 
7,340 
6,380 
5,010 
4,650 
4,660 
4,620 
4.980 
4,860 



5,730 
5,370 
5,630 
7,940 
6.720 
6,290 
5,300 
4,700 
4.630 
4,680 
4, (MO 
4,610 

6,5W 
4,950 
7,240 
6,300 
6,370 
4,860 
4,600 
4,490 
4,300 
4,370 
4,550 
4,000 



4,270 
4,690 



Acre-fi. 

806 

762 

990 

2.870 

3,660 

4,550 



19,800 
36,100 
20,400 
76,?00 
73,300 
16,400 
3,800 
1,870 
1,870 
2,780 
4,700 
6,950 



6,060 

10,000 

35,400 

96,500 

31,620 

3,610 

2,400 

2,030 

1,130 

3,440 

5,530 

4,570 



12,900 

22,300 

8/>,«00 

74,020 

17,900 

^730 

2,000 

400 

1,230 

3,080 

5,950 

6,150 

6,150 

8.320 

30,000 



Acte-JU 

1 15,880 

129,800 

128,750 

2:^,750 

18.060 

19,750 

1;6,760 



M.600 

1 7,870 

» 6,340 

116,120 

114,710 

14,300 

4,250 

7,110 



1,170 



1,600 
2,900 
3,960 
12,400 
14,060 
10,070 
14,420 
21,950 



8,470 
8,700 



1,780 
5,lf0 
20,000 
24,300 
2«,?50 
29,200 
17,700 
44,500 

32, .500 
18,900 
20,000 



Aere-ft. 

7,700 
7,940 
6,600 
5,540 

b^m 

6,(K)0 

5,000 
2,300 
2,840 
3,500 
2,700 
7,400 
7,880 
7,890 
7,100 
7,000 
5,360 
5,000 

2,300 
2,630 
6,080 
4,350 
3,100 
2,400 
7,880 
8,290 
7,150 
5,X00 
5,380 
6,000 



6,000 
5,300 
3,260 
4,700 
7,400 
7,400 
7,820 
7,040 
6,900 
5,620 
5,230 
5,000 



Aere-fl. 
151,540 
128,770 
91,790 
57,430 
31,010 
10,830 



Acrer/t . 



9,370 



urn 



33,800 
61,360 
124,060 
170,000 
170,000 
159,580 
137,440 
117,500 
98,980 
94,070 



88,910 
92,670 
100,040 
128,190 
170,000 
170,000 
168.310 
168.880 
140,220 
120,140 
107,710 
93,440 



71,C6B 

75,490 
83,790 
166, 130 
170. (XX) 
170,000 
164,180 
138,340 
ie6.600 
72,,'i80 
40,840 
23,860 



^,060 
1,130 



50,340 
26,920 



66i,050 
8.739 



5,000 



19,490 



26,360 
10,580 



^ Includes diversion demand for 5,000 acres of Crooked River bottom lands. * Shortage. < Overflow. 

Becordei flow at Xoody. — In the development of irrigation in the 
upper Deschutes Basin it is possible that either the actual use would 
^ot correspond to the assumptions herein made or that power may 
oe developed to such a point that its derivation from storage would 
oecomo a possibility brfora the^^entire. diversion of the flow of the 
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upper Deschutes for irrigating purposes has taken place. In this 
event the flow on the lower Deschutes would be such that it would 
be represented by conditions of flow, lying between the recorded and 
assumed modified flows at Moody, for the period of record. < 

For the period of record it is estimated that a minimum cost of 
storage flow to regulate the recorded flow of the Deschutes at Moodji 
with provision for a shortage of 50,000 acre-feet of storage during 
season April 1, 1914, to April 1, 1915, provides a maximum continu- 
ous flow on the lower Deschutes of 5,100 second-feet. 

For this degree of regulation a reservoir capacity of 160,000 acre- 
feet is required. The estimated cost of a reservoir at Post of 150,000 
acre-feet capacity, with a single arch type of dam, is $3.85 per acre- 
foot. The estimated volumes of storage flow per unit of reservoir 
capacity and estimated reservoir costs per second-foot of storage 
flow, together with the costs of storage power per foot-head horse- 
power at SO per cent efficiency, are as follows: 

MOODY. 
[Regulated rate of recorded flow, 6,100 seoond-feet.) 



Rate of 

nonstorage 

flow. 


Rate of 

storage 

flow. 


Volume of 
storage 
flow rer 

thousand 
acre-feet 

reservoir 

capacity. 


Reservoir 

cost per 

second-foot 

o' storage 

flow. 


Cost of 

storage 
power 

foofhwd 


Seamdffet. 
4,roo 

4,600 
4,700 
4, £00 


Seeond'/ret. 
do 

400 

aoo 


Second-feet. 
4 CO 
3.33 
2.66 
2.00 


toro 
l,lfO 
1,440 

1,»2S 


$10,600 
12,700 
W.VjOO 
21,200 



The estimated developed head required on the lower portion of 
the Deschutes from White River to the Columbia, in order to be 
able to develop storage power from the flow of the river as recorded, 
with reservoir costs of from $30 to $70 per horsepower at 80 per 
cent efficiency, is as follows: 

MOODY. 
[Regulated rate of recorded flow, 5,100 second-feet.] 



Rate of 

nonstorage 

flow. 


Rate of 

storage 

flow. 




$30. 


$40. 


$50. $80. 


$70. 


FeetoffiUI. 


4,500 
4,600 
4,700 
4,800 


500 
400 
300 


850 
420 
530 
700 


265 
320 
400 
530 


210 
250 
815 
425 


176 
210 
360 
850 


150 
180 
225 
300 
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ESTIMATED GolST OF STORAGE POWER AT MECGA. 

Ilodifled flow.— Records of flow of the Deschutes at Mecca have 
m maintained since 1911. 

The demand, during the season from April 1 tp April 1, for water 
m storage, sufficient to maintain a continuous modified flow at 
cca of 3,900 second-feet, 4,000 second-foet, and 4,100 second-feet, 
the period of record, expressed in acre-feet, is as follows: 





Continuous modified flow. 


Season. 


3.mo 
seccna-feet. 


4,000 
second-feet 


4.100 
seoond-icei. 


1-14 


Acre^tt. 
17,800 
24.900 
78,300 
152,250 


Acre-ft. 
52.I.T0 
64,100 
120, ROO 
199,650 


A ere- ft. 
8*/, 300 


1-15 


115. 100 


J-W 


ieo.800 


1-12 


247.050 






-Average .......T.T....r«rrT ^..,^.^,^,,,, 


68,300 


109.200 


151,300 







The period is so short that it is not possible to determine the 
Aximum annual demand upon storage with a frequency of one in 
n or more, with any degree of certainty, and particularly so as 
either the discharges nor the estimated demands upon storage at 
lecca and Moody appear to have the same relative magnitude. 
A continuous regiQated rate of modified flow at Mecca of 4,050 sec- 
ad-fcct, with allowance for a shortage of 40,000 acre-feet during the 
Jason of 191 1-12, requires reservoir capacity at Post of 170,000 aero- 
jet. The estimated cost of a reservoir of 170,000 acre-feet capacity 
tPost, with a single-arch type of dam, is $3.78 per acre-foot of 
ipacity. 

Tlie estimated volumes of storage flow, per unit of reservoir 
ipacity, and estimated reservoir costs per second-foot of storage 
ow, together with costs of storage power per foot head horsepower 
1 80 per cent efficiency are as follows: 

MECCA. 
[Regnlated rate of modified flow, 4,050 second-feet.) 



Rate of 


Rate of 


Volume of 
storacre 
flow per 


Reservoir 

cost per 

second-foot 


Cost of 
storai;e 


nonstor- 


storage 


thousand 


power per 

foot r!Ui 

horse- 


ogeOow. 


flow. 


arro>feet 
reservoir 


of storage 
flow. 






capacity. 




power. 


Seeondrfeel, 


Sewnd'-fef, 


8eeond-feet. 






3.400 


050 


3.S2 


ft.OOO 


in.ooo 


S,500 


550 


3.23 


l.iso 


13,000 


8,600 


450 


2.65 


1,440 


15.000 


3,700 


350 


2.06 


1,860 


20.400 
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The estimated developed fall required ou tiie upper portion of tb 
lower Deschutes from Metolius River to Mecca before storage povrc 
can be developed from the modified flow of the river, with rcservo: 
cost of from $20 to $60 per horsepower, at 80 per cent efficieacj, 
as follows: 

MBOeA. 

(Regnlated rate of modified flow, 4.050 flecond-Hset] 



Rate of 
flow. 


Rate of 

'Sir 


Reservoir ooet per developed horsepoW. 


t20. 


130. 


$40. 


850. 


«o. 


Feet of fall. 


Seeond'fret. 
3.4ioo 
3.500 
S.i/V) 
3.700 


650 
450 
850 


650 

050 

fiOO 

1.040 


870 
43W 
630 
680 


275 
825 
400 
620 


2» 
»iO 
820 
410 


IRO 
2» 

2ii6. 
840 



Secorded flow. — ^A continuous regulated rate of recorded flow 
Mecca of 4,700 second feet, with allowance for a idiortage of 4O,00< 
acre-feet during the season of 1911-12, requires reservoir eapacity a 
Post of 170,000 acre-feet. 

The estimated cost of a reeorvoir of 170,000 acre^feet capacity ai 
Post, with a single-arch type of dam, is $3.78 per acre-foot of capacity 

Estimated volumes of storage flow per unit of reswvoir capacitj 
and estimated reservoir costs per second-foot of storage flow, together 
with costs of storage power per foot fall horsepowOT, at 80 per cenl 
eii9Bciaicy, are as follows: 

MBCC-A,, 
fRegulated rate of recorded flow, 4,700 second-feet.] 







Volume of 










Atorase flow 


Reservoir 


Cost of stor- 


Rate of 


Rate Of 


per thou- 


cost per 
second'foot 


age power 


nonHtarage 


atprage 


sand acre- 


Vfsrtoat 


flow. 


flow. 


feetreser- 


of storage 


fall hone- 






Ity. 


flow? 


pover. 




aeconA-fen. 


Second'fea 






8.«» 


000 


6.30 


9m 


Isr.lKX) 


3.900 


800 


4.70 


810 


8.900 


4.000 


700 


4.12 


^25 


10.200 


4.100 


(iOO 


3.63 


1,060 


11,900 



The estimated developed fall required on the upper portion of the 
lower Deschutes, from Metolius River to Mecca, before istorage power 
can be developed from the recorded flow of the river, with reservoir 
costs of from $20 to $60 per horsepower at 80 p^ cenjt efliciency, is 
as follows: 
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MECCA. 
[Regolated rate of reeorded flow.) 



9Z 



Pate of 

nonstorage 

flow. 


Rate of 
storage 
flow. 


Reservoir cost per developed horsepower (80 per 
cent efflcfency). 


t20 


$30 


$40 


$50 


$00 


Feet of faU. 


See.'ft, 
3,800 
3,900 
4.000 
4,100 


800 
700 
«00 


305 
446 
510 
596 


2fV0 
296 
340 
400 


200 
220 
255 
300 


180 
180 
200 
240 


130 
150 
170 
200 



POWEB SITES ON THE DESCHUTES. 

Fourteen possible power sites upon the Deschutes, below the jub©- 
ton of Crooked River, are described in the report upon Deschutes 
liver (United States theological Survey, Water Supply Paper No. 344, 
p. 124-132, 173), with combined gross developable fall of 1,406 feet, 
'he available future flow which may be developed is estimated to vary 
rom 3,400 second-feet at the upper sites to 4,500 second-feet at the 
ower sites. Of these sites, there are six only which may be developed 
rtthout elevating the tracks of one or both of the railroads which nm 
ip the Deschutes. Three of these sites, the Moody, Reclamation, 
aid Sh^rar Palls, are located on the Deschutes between White River 
md the Columbia, and have an estimated developable fall of 324 feelt 
Mid modified flow of 4,500 second-feet. The three other sites, the 
Mecca, Pelton, and Metolius, iEire located upon the Deschutes, immedi- 
ately below the junction of Crooked River with it, and have an e^- 
mated developable fall of 360 feet and modified flow of 3,400 second- 
feet. 

Estimated fall cost of power development. — ^In order to utilize the 
entire normal minimum flow of a stream, not only must pondage be 
provided to store water during hours of minimum power demand for 
uae during hours of maximum demand, but also sidBcient equipmeiit 
must be installed to transform and deliver energy at the maximum 
tate of demand. 

For purposes of this report, an installed capacity of equipment, 
including auxiliary equipment, steam or otherwise, of two and oifef- 
halt times the average power output — that is, provision for a loM 
factor of 40 per cent — ^will be used in estimates of cost of power devel- 
opment on the Deschutes. The cost of installation of steam or otfidr 
auxiliary equipment will be assumed to be approximately the slunld 
te tiiat of equilMnent f br hydraulic installation. 1 
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For purposes of this report the six power sites above mentioned ^ 
alone be considered for possible preliminary development of pove 
upon the Deschutes. 

The physical characteristics of these sites are as follows: 

WHITE Rr^ES-COLUMBIA SECTION OF DESCHUTES RIVER. 



Powvsite. 



QrossJUL 



Area of 
ptmdage. 



Devdop- 

able povi 

perseooi 

foot 0/ B» 

at 80 per 

rentelt 

cieocj. 



Moody 

IU'*laiiiatloii.. 
filiorar Falls... 



Feei. 
132 
92 
100 



Aeret. 
910 
430 

no 



Hone- 

pCUfT. 

12 

&! 
9.1 



ICETOLIUS-WARIC SPRINGS SECTION OF DESCHUTES RIVER. 



Meft-a.... 
Pelfon.... 
ICetolius.. 



90 

eo 

210 



800 
110 
210 



5.' 
1P.I 



For profiles of the several dam sites, see report upon Deschute 
River and its Utilization, United States Geological Survey, Wate 
Supply Paper No. 344. 

In general, the cost of a dam per unit of power output will vai] 
inversely as the quantity of power developed, while the cost o 
power per unit of output for forebays, penstocks, power houses ant 
equipment will remain constant as the quantity of power developed 
varies. 

The estimated cost of developing fall on the White River-Columbii 
section of the Deschutes, with 4,500 second feet flow at the Moodj 
Reclamation, and Sherar Falls power sites, is $50 per horsepower. 

The estimated cost of developing fall on the Metolius-Warn 
Springs section of the Deschutes, with 3,400 second-feet flow at tk 
Mecca, Pelton, and Metolius power sites, is $35 per horsepower. 

Selative cost of fall and storage power. — It is estimated that 
cost of developing fall upon the White River-Columbia sections ol 
the Deschutes, at the Moody, Reclamation, and Sherar Falls powei 
sites is $50 per horsepower. The combined fall of these power sitefl 
is 324 feet. With a developable rate of modified flow of 4,000 see- 
ond-feot upon this section of the river, it requires that approximately 
• 165 feet of fall be developed, befor^the reservoir cost of storage power 
drops to $50 per horsepower. ' Likewise for 4,100 second-feet modi- 
fied flow, it will require approximately 190 feet of lall; for 4,200 
second-feet flow, 220 feet of fall; for 4,300 second-feet flow, 260 feet 
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if fall; and for 4,400 second-feet flow, 320 feet of fall, before the 
eservoir cost of storage power drops to $50 per horsepower. 

With a developed rate of recorded flow of 4,500 second-feet upon 
his section of the river, it requires that approximately 210 feet of 
EiU be developed before the reservoir cost of storage power drops to 
50 per horsepower. Likewise for 4,600 second-feet of recorded flow 
i requires approximately 250 feet of tall, for 4,700 second-feet 315 
jet of fall, and for 4,800 second-feet 425 feet of fall before the reser- 
oir cost of storage power drops to $50 per horsepower. 

It is estimated that the cost required to develop fall upon the 
letoUus-Wann Springs section of the Deschutes at the Mecca, 
^elton, and Metohus power sites is $35 per horsepower. The com- 
>med faU of these power sites is 360 feet. With a developed rate of 
Qodified nonstorage flow of 3,400 second-feet upon this socticn of 
he river it requires that approximately 325 feet of fall be developed 
before the reservoir cost of storage power drops to $35 per horse- 
)ower. Likewise for 3,500 second-feet modified nonstorage flow it 
equires approximately 375 feet of fall; for 3,600 second-feet flow, 
110 feet of fall; and for 3,700 second-feet flow, 600 feet of fall before 
ihe reservoir cost of storage power drops to this amount. 

With a developed rate of recorded flow of 3,800 second-feet upon 
this section of the river it requires that approximately 230 feet of 
tall be developed before the reservoir cost of storage power drops to 
135 per horsepower. Likewise for 3,900 second-feet of recorded flow 
it requires approximately 260 feet of fall; for 4,000 second-feet flow, 
300 feet of fall; and for 4,100 second-feet flow, 350 feet of fall before 
the reservoir cost of storage power drops to this amount. 

Finally the cost of storage power decreases and increases either as 
the fall developed increases and decreases or as the developed non- 
fltorage flow decreases and increases. 

The economic comparison of storage power with nonstorage power 
as presented in this report is made upon the basis of comparison of 
fixed capital invested. A complete presentation of the subject would 
require that a comparison of the circulating or operating capital 
invested be also made. The presentation of the subject as a whole 
would require that the comparison be made upon the basis of maxi- 
mum returns upon capital invested. 
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS. 

SUMMARY. 

A summary in the form of a brief r6sum6 or synopsis appears in 
the first pages of the report. 

CONCLUSIONS. 

It appears from the investigations — 

1. That the Ochoco project to serve the equivalent of 15,500 acres 
of land is feasible at the estimated cost of S51.30; if interest charges 
do not exceed 3 or 4 per cent per annum; that is, if the credit of the 
State or Nation is used in financing the project. 

2. That a water use of 1.85 acre-feet per acre of irrigable land, 
delivered to each 40-acre tract, is sufficient on the assumption thrf 
at least one-third of the project will be in grains. 

3. That the water supply would have been sufficient during the 
past 12 years, including the present year, which will probably be the 
lowest for 26 years, to have furnished practically a full supply 8 yean 
of the 12; that of the remaining 4 years, the shortage in 2 would not 
have exceeded 30 per cent, and in the remaining 2, the shortage would 
have been approximately 40 and 55 per cent, respectively. 

4. That the cost of the project can probably be borne by the land 
if interest charges on capital borrowed for construction do not exceed 
3 to 4 per cent. 

6. That storage can be provided on Crooked River, at Post Reser- 
^ir site, at a cost of approximately $3.50 per acre-foot, or about 
one-fourth that for Ochoco Reservoir. 

6. That there is water supply from Crooked River sufficient for 
about 45,000 acres of land of the North unit of the Deschutes project 
and the lands of the Ochoco project, but that in either case the lands 
can be more cheaply served from other sources. 

7. That the Post Reservoir storage will not be economically 
iapplicable to regulation of lower Deschutes River until from 200 to 
300 feet of power head has been developed below the mouth of 
Metolius River. 

RECOMMENDATIONS. 

It is recommended: 

(a) That it be the policy of the United States and the State 
to treat the Ochoco project as a possible future project; 

(Jb) That unappropriated waters of Ochoco Creek be held withdrawn 
by the State and that any unpatented lands necessary to construc- 
tion of Ochoco Reservoir be held withdrawn from entry; 

(c) That the gaging station for measuring the flow of Ochoco 
Creek be maintained for a sufficient number of years to check the 
estimates herein presented; 
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{d) That the unpatented irrigable lands, of which at most there 

3 but a few jwrtions of 40-acre tracts, remain open to entry; 

[e) That it be the policy of the United States and the State to 

at the use of Crooked River for either irrigation or power purposes 

so remote as to be practically infeasible; 

f) That all waters of Crooked River, except Ochoco Creek, be 

de available for appropriation; and that unpatented lands here* 

ore withdrawn from entry for Post Reservoir site be restored to 

^ry. 

LAND AND WATER WITHDRAWALS. 

[n compliance with the terms of the agreement of May 6, 1913, 
5 public lands not otherwise disposed of, shown on Plate No. 30, 
ve been recommended to be withdrawn from entry by the Secretary 
the Interior. 

Under date of April 8, 1914, the imappropriated waters of Ochoco 
eek to the extent of 50,000 acre-feet were withdrawn from appro- 
iation by the State engineer in compliance with the agreement of 
ly 5, 1913, and on the same date 300,000 acre-feet of the waters 
Crooked River were withdrawn for storage in the proposed reser- 
tir above Post. 

COST OP INVESTIGATIONS FOR TlflS REPORT. 

Following is distribution and total cost of investigations to April 30, 
>15. The estimated cost during the month of May, undistributed, 
id of printing this report is $950: 

Summary of work and cost to Apr. 80/1915. 



Paid by 
United 
States. 



Paid by 
OregoD.. 



^«m gaging 

pogTB^y and surveys 

«>ke<l Rfver dam-site borings 

ooco dam-site borings 

mputations, drawings, and publication. 



SI, 100. 82 
327.56 
396.08 
248.28 



1392.55 

1,046.30 

812.80 

679.08 

780.08 



Total. 



2,073.63 



3,7ia81 



Tile apparent difference in contribution by the United States and 
ie State of Oregon in the cost of investigations consists mainly in 
ie investment of the United States in equipment and the cost of 
^tbg the report by the Government Printing Office, the exact 
nount not being determined at this time. 

8484—15 7 
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OCHOCO PBOJECT. 
DetaiU of cost. 



Paid by 
United 
States. 



TOPOQEAPHY AND 8X7BVBYS. 



General engineering and admlnistratioD . 

Services, flield work 

Services, office 

Supplies 

Teams and teamsters 

Camp maintenance. . . : 

Equipment depreciation 

Preparatory charges 

Soil survey 
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General engineering and administration. 

Drill labor 

Supplies 

Equipment depreciation 

Carbon loss 

Teams and teamsters 

Camp maintenance 

Preparatory charges 

Erecting and moving drill 
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General engineering and administratian. 

DriU labor 

Supplies 

Equipment depreciation 

Carbon loss 

Teams and teamsters 

Camp maintenance 

Preparatory charges 

Erecting and moving drill 



COMPUTATIONI7, DEAWINQS, FCTBUCATIONi ETC. 



Services. . 
Supplies. 



S267.00 

491.92 

180.00 

9.82 



80.00 
50.00 

72.08 



l,10a82 



75.00 
66.00 
2.30 
4a 00 
62.25 



32.00 
4a 00 

laoo 

327.55 



9a 00 

157. 40 
2.33 
4a 00 
62.25 



17.40 

24.00 

3.60 

396.98 



22S.33 
19.95 



24S.28 
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